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Preface to First Periodic Review of Scientific
and Medical Evidence Related to Cancer for the
World Trade Center Health Program

The James Zadroga 9/11 Health and Compensation Act of 2010, Public Law 111-347,
Title XXXIII of the Public Health Service Act, 124 Stat. 3623 (codified at 42 U.S.C. sec.
300mm—300mm-61), requires the Administrator of the World Trade Center (WTC)
Health Program to

“periodically conduct a review of all available scientific and medical evidence, in-
cluding findings and recommendations of Clinical Centers of Excellence, published
in peer-reviewed journals to determine if, based on such evidence, cancer or a cer-
tain type of cancer should be added to the applicable list of WTC-related health
conditions.” 42 U.S.C. sec. 300mm-22(a)(5)(A).

I am pleased to present the first periodic review of cancer for the WT'C Health Program.

The review is based on three information sources. First, a systematic search was con-
ducted for peer-reviewed findings on exposure and cancer resulting from the Septem-
ber 11, 2001, terrorist attacks that have been published in the scientific and medical
literature between September 11, 2001, and July 1, 2011. Second, findings and recom-
mendations related to cancer were solicited from the WTC Clinical Centers of Excel-
lence and Data Centers, the WTC Health Registry at the New York City Department
of Health and Mental Hygiene, and the New York State Department of Health. Third,
information from the public about cancer was solicited through a Request for Informa-
tion published in the Federal Register on March 8, 2011, and March 29, 2011.

Overall, this inaugural review of cancer presents findings from the peer-reviewed sci-
entific and medical literature about exposures and cancer resulting from the September
11, 2001, terrorist attacks. In addition, the review provides the status of planned and
ongoing research efforts to address questions about cancer related to the exposures re-
sulting from the terrorist attacks.

Specifically, Chapter I describes how the bibliographic search of scientific and medical
findings was conducted. Chapter IT summarizes the information contained in scientific
and medical publications about September 11, 2001, exposures. Chapter III cites the
very few peer-reviewed study reports that contain any quantitative data about cancer
as a health outcome resulting from September 11, 2001, exposures. In Chapter IV, a
primer on cancer epidemiology is presented. In Chapter V, input from the public and
from the WTC Clinical Centers of Excellence, the WTC Health Registry, and the New
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York State Department of Health about cancer is presented. Chapter VI discusses the
challenge of determining whether an observed association between one or more of the
September 11, 2001, exposure variables and the health outcome of cancer is causal.
Finally, the review includes updates from researchers about current studies of cancer.

It is expected that the second periodic review of cancer will be conducted in early to
mid-2012 to capture any emerging findings about exposures and cancer in responders
and survivors affected by the September 11, 2001, terrorist attacks.

John Howard, MD
Administrator, World Trade Center
Health Program
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Pursuant to Section 3312(a)(5)(A) of the James Zadroga 9/11 Health and Compensa-
tion Act of 2010, a comprehensive and systematic review of the published scientific and
medical literature was undertaken to compile a bibliography of peer-reviewed journal
publications' on exposures resulting from the September 11, 2001, terrorist attacks in
New York City and cancer studies in relation to those attacks.

A. Search Strategies

To compile the bibliographies on exposure and cancer, ten bibliographic databases cov-
ering biomedical, toxicological, and occupational health information were searched.
Although the contents of the databases overlap, each database serves a unique function,
has a distinct subject emphasis, and indexes literature not available elsewhere. The da-
tabases were chosen on the basis of their content focus and whether they were available
on the Internet (PubMed and Toxline), or available through a site license from the Cen-
ters for Disease Control and Prevention’s Public Health Library & Information Center.
The bibliographic databases searched were:

o CISILO (OSH References Collection)

o Cochrane Library

« Embase (OVID)

« Health and Safety Science Abstracts (CSA)
» HSELine (OSH References Collection)

o NIOSHTIC-2 (OSH References Collection)
« OSHLine (OSH References Collection)

o PubMed

o Toxline

o Web of Science

PubMed, Embase, and Health and Safety Science Abstracts can be searched using free-
text words in the titles and abstracts and also by using standardized indexing terms (i.e.,
controlled vocabulary or thesauri) assigned to each record. Initially key articles were
identified and reviewed for common text words and search terms that indexers had ap-
plied to the articles. These terms were then used to perform the searches and are identi-
fied below (see Table 1). The search was not restricted by format; therefore, the returned

'To determine the peer review status of a journal, the title was searched in Ulrichsweb Global Serials Directory. The
Directory contains a basic description of each journal title (publisher, content type, etc.) If a title is peer reviewed,
the basic description lists that title as “Refereed.” The following are not considered to have peer review status: Com-
mentary; Editorial; Government Report; Letter to the Editor; Meeting Abstract; News Item and Trade Publication.

WORLD TRADE CENTER HEALTH PROGRAM
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Table 1. Bibliographic search strategy and results for exposure and cancer

Bibliographic database Search strategy for cancer Search strategy for exposure

CISILO “World Trade Center” OR “World Trade Center” OR WTC
WTC
(OSH References
Collection)
Cochrane Library “World Trade Center” OR “World Trade Center” OR WTC
WTC
Embase #1 World Trade Center [text (Biological marker OR Air
_ word] OR WTC [text word] Pollutant OR Air Pollution OR
(Ovid) Environmental Monitoring OR
#2 Cancer [text word] OR carcinogen OR Occupational
Neoplasm [subject heading] Exposure OR Environmental
Exposure OR Dust Exposure
#1 #2
and OR Toxic Inhalation).sh. AND
(“World Trade Center” OR
“September 117).af. Human,
English, not Pub Med
Health and Safety ((World Trade Center) OR ((World Trade Center) OR
Science Abstracts WTC) AND DE=(Cancer OR  WTC) AND DE = ((Occupation-
Carcinoma OR (Carcinogenic al Exposure) OR Bioindicators
(CSA) Agents)) OR (Hazardous Materials))
HSELine (“World Trade Center” OR “World Trade Center” AND
WTC) AND (Cancer OR Neo- Exposure*
(OSH References plasm* OR Carcinogenic OR
Collection) Carcinoma)
NIOSHTIC-2 (“World Trade Center” OR (“World Trade Center” OR
WTC) AND (Cancer OR Neo- WTC) AND Exposure*
(OSH References plasm* OR Carcinogenic OR
Collection) Carcinoma)
(Continued)
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Table 1 (Continued). Bibliographic search strategy and results

for exposure and cancer

Bibliographic database

Search strategy for cancer

Search strategy for exposure

OSHLine

(OSH References
Collection)

PubMed

TOXLINE

(“World Trade Center” OR
WTC) AND (Cancer OR Neo-
plasm* OR Carcinogenic OR
Carcinoma)

“World Trade Center”[Text
Word] OR “September 11
Terrorist Attacks”[Mesh]
OR ((“Disasters”[MeSH
Major Topic] AND
“Terrorism”[MeSH Ma-
jor Topic]) AND (“World
Trade Center”[All Fields]
OR WTCJAII Fields])) AND
(“Neoplasms”[Mesh] OR
“Carcinogens”[Mesh]

OR “Carcinogens,
Environmental’[Mesh] OR
Cancer[Text Word])

(“World Trade Center” OR
WTC) AND (Cancer OR Neo-
plasm* OR Carcinogen* OR
Carcinoma)

(“World Trade Center” OR
WTC) AND Exposure®

(“September 11 Terror-

ist Attacks”[Mesh] OR
(“Disasters”[MeSH] AND
“Terrorism”[MeSH] AND
“World Trade”[All Fields])

OR (“Disasters”[MeSH]

AND “Terrorism”[MeSH]

AND WTCJAII Fields])) AND
(“Biological Markers”[Mesh]
OR “Air Pollutants”[Mesh]
OR “Environmental
Monitoring”[Mesh] OR “Haz-
ardous Substances”[Mesh]
OR “Air Pollution”[Mesh]

OR “Explosions”[Mesh] OR
“Carcinogens”[Mesh] OR
“Maternal Exposure”’[Mesh]
OR “Environmental
Exposure”’[Mesh] OR “Inhala-
tion Exposure”[Mesh] OR “Oc-
cupational Exposure”’[Mesh])

“World Trade Center” OR WTC

OR “September 11”7 exclude
PubMed records

(Continued)
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Table 1 (Continued). Bibliographic search strategy and results

for exposure and cancer

Bibliographic database Search strategy for cancer

Search strategy for exposure

Web of Science “World Trade Center” AND
(Cancer OR Carcinogen* OR
Neoplasm* OR Carcinoma)

TS="World Trade Center” OR
TS="September 11” AND
Language=(English)

Refined by: Subject Areas=
(PUBLIC, ENVIRONMENTAL &
OCCUPATIONAL HEALTH OR
ENVIRONMENTAL SCIENCES
OR ENVIRONMENTAL STUD-
IES OR TOXICOLOGY OR IM-
MUNOLOGY OR RESPIRATORY
SYSTEM )
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literature citations include peer-reviewed articles; non-peer-reviewed articles; meeting
abstracts; paper proceedings; and academic theses.

The abstract of every citation retrieved was reviewed to determine its relevance to envi-
ronmental and occupational exposures resulting from the September 11, 2001, terrorist
attacks and cancer outcomes. By using the acronym “WTC” in the search strategies, many
irrelevant citations were retrieved, and these were disqualified after review. Two separate
searches were conducted: (1) a search for publications on environmental and occupation-
al exposures resulting from the September 11, 2001, terrorist attacks; and (2) a search for
publications referring to both cancer and the September 11, 2001, terrorist attacks (e.g.,
searching with “WTC”). Both searches were completed on June 22, 2011.

B. Exposure Results

A total of 294 articles that addressed environmental and occupational exposures result-
ing from the September 11, 2001, terrorist attacks were returned from the search and
review of the literature. Of these 294 articles, 156 are peer-reviewed and 138 are not
peer-reviewed publications (see Chapter II and Appendix B).

C. Cancer Results

A total of 18 publications that mention cancer and the September 11, 2001, terrorist
attacks were identified as a result of bibliographic searches conducted for this review.
See Chapter 1. Of these 18 publications, five addressed environmental monitoring or
biomonitoring conducted in response to the September 11, 2001, terrorist attacks, but
these publications did not contain any quantitative data concerning cancer as a health
outcome. Of the 13 remaining publications, eight were not peer-reviewed and five were
peer-reviewed (see Chapter III and Appendix C).

D. Future Periodic Reviews

Two of the databases searched—PubMed and Web of Science—have an automatic alert-
ing service to update and mail search results from a saved search. This feature is be-
ing used to enable weekly updates of this bibliography. The other eight databases are
searched manually each week and relevant results are added to the bibliography. This
systematic review is designed to support periodic reporting on scientific findings re-
lated to the health of the exposed population.

E. Other Searches

This review presents scientific and medical evidence “published in peer-reviewed journals”
and “findings and recommendations from Clinical Centers of Excellence” as required by
law. Data from other sources, such as pension benefit or workers' compensation systems,
medical examiners’ offices, or similar entities, are not included in this review.

WORLD TRADE CENTER HEALTH PROGRAM
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The scientific literature addressing exposures of individuals who were in the vicinity of
the World Trade Center (WTC) in New York City on September 11, 2001, and in the
days and weeks afterwards, are discussed in this chapter.

A. Introduction

The destruction of the WTC in Lower Manhattan produced a plume consisting of a
unique and complex mixture of chemical agents (including particulates) and exposed
a large population of workers and the general public to this mixture. The exposures
associated with the September 11, 2001, terrorist attacks were multiple and included
physical and chemical agents—some known or reasonably anticipated to be human car-
cinogens and others not known to be carcinogens—as well as mental and emotional
traumatogens. This chapter reviews exposures of a physical or chemical nature, both to
known or reasonably anticipated carcinogens as well as other chemicals not known to
be carcinogens, and other exposures.

The fires were started by the ignition of 91,000 liters of jet fuel from the two commercial
aircraft that crashed into the towers and spread to an estimated 100,000 tons of organic
debris, 490,000 liters of transformer oil, 380,000 liters of heating and diesel oil, and fuel
from several thousand automobiles which were stored in subterranean structures of the
WTC [Pliel et al. 2004]. The plume contained the combustion products of jet fuel, soot,
metals, volatile organic compounds, and hydrochloric acid. It also contained particulate
matter from pulverized building materials such as cement and glass, as well as building
contents, which produced cement dust, glass fibers, asbestos, crystalline silica, metals,
polycyclic aromatic hydrocarbons, polychlorinated biphenyls, polychlorinated furans,
organochlorine pesticides and dioxins [Lioy 2002; McGee et al. 2003]. As the plume
moved away from the towers, particulate and semi-volatile components were deposited
for miles around Lower Manhattan, Brooklyn, and beyond. The components and con-
centrations of the plume likely changed rapidly over the first few hours after the burning
and collapse of the WTC towers and as the plume moved away from the epicenter.

Unfortunately, no air sampling devices were operating close to the WTC site to charac-
terize and quantify the constituents of the dust cloud and smoke plumes, and people’s
exposures to the specific agents and concentrations in the early portions of the disaster
will never be known with certainty. After the WTC towers had collapsed, fires in the
building rubble continued to burn until December of 2001.

In the days and weeks following the collapse of the WTC towers, numerous agencies,
among them the New York City Department of Health and Mental Hygiene (NYCDOHMH),
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the New York State Department of Health (NYSDOH), the Agency for Toxic Substances and
Disease Registry (ATSDR), the National Institute for Occupational Safety and Health
(NIOSH), the US Environmental Protection Agency (EPA), the New York State Depart-
ment of Environmental Conservation (NYSDEC), the United States Geological Survey
(USGS), and the Occupational Safety and Health Administration (OSHA), as well as ac-
ademic researchers and others, collected ambient air samples and settled dust samples
to characterize the actual and potential exposures during the disaster response.

The results of many of the collected samples have been included in databases, such as the
WTC Environmental Contaminant Database (http://www.wtcreadings.net/wtc/) main-
tained by the Mailman School of Public Health of Columbia University, which contains
data from tens of thousands of samples of outdoor air, bulk dust, indoor air, and indoor
air wipes collected shortly before and after September 11, 2001, in NYC and New Jersey.

Exposures during the disaster response have been assessed by a variety of means. Per-
sonal air samples were collected from the breathing zones of workers [Breysse et al.
2005; Geyh et al. 2005; Wallingford and Snyder 2001], and biomonitoring for a variety
of agents was also conducted on specific populations [Edelman et al. 2003; Fireman et
al. 2004; Horrii et al. 2010; Lederman 2008; Tao et al. 2008].

B. Designations for Agents Identified at the WTC

In 2003, an initial list of agents detected in the area around WTC during the disaster
response and recovery periods to which people may have been exposed was prepared by
the Contaminants of Potential Concern (COPC) Committee of the World Trade Center
Indoor Air Task Force Working Group and is called the World Trade Center Indoor
Environment Assessment: Selecting Contaminants of Potential Concern and Setting
Health-Based Benchmarks.?

The list was developed from the chemicals identified from air samples included in four
databases used by the COPC Committee [2003] to select contaminants of potential con-
cern and set health-based benchmarks for indoor environments. The four databases
were:

+ EPA Region 2’s database of environmental sampling results, which contains more
than 200,000 records on sampling results for 137 agents’;

2http://www.tera.org/peer/WTC/COP C%20-%20Benchmark%20Report%20with%20appendices.pdf. Note that this
is a large database assembled by the USEPA and centralizes exposure measurements from many different entities.

3Only confirmed compounds were included in this list. Measurements for the dioxin and furan compounds were
considered one contaminant in this tally, and were screened using a TEQ analysis. TEQ is a dioxin Toxic Equiva-
lent, calculated relative to the most toxic form of dioxin (2,3,7,8-TCDD). Measurements for asbestos were not
differentiated by the asbestos minerals, although measurements used different analytical methods and counted
different subsets of fiber types and sizes. All measurements for PCBs were considered one contaminant, although
the studies reported concentrations under several different groupings of congeners (e.g., total PCBs, Aroclors).
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+ New York City Department of Health and Mental Hygiene (NYCDOHMH)/
Agency for Toxic Substances and Disease Registry (ATSDR) public health inves-
tigation, which includes sampling results from Lower Manhattan of six minerals,
354 air samples from residential buildings, and 32 samples of fibers collected
outdoors and analyzed by phase contrast microscopy (PCM);

+ New York City Department of Education sampling in schools, which involved
samples collected both indoors and outdoors from six schools between September
2001 and June 2002 and includes more than 30,000 records of air sampling results
for more than 70 agents; and

« Chattfield and Kominsky’s [2001] survey of indoor air quality.

A total of 287 chemicals or chemical groups were identified from the report [COPC
2003], and each of them was checked against the United Nations International Agency
on Research on Cancer (IARC) list of agents classified by (1) the IARC monographs,
Volumes 1-100, and (2) the United States National Toxicology Program (NTP) 12th
Report on Carcinogens. The list and cancer designations are provided in Appendix D.

C. Environmental Monitoring

Environmental monitoring was conducted by collecting samples from the ambient air
[Lorber et al. 2007; Olson et al. 2004; Pleil et al. 2004; Pleil et al. 2007; Swartz et al.
2003]; surface samples [Butt et al. 2004; Landrigan et al. 2004; Pleil et al. 2007; Rayne
2005; Rayne et al. 2005]; bulk samples [Lioy et al. 2002; McGee et al. 2003; Offenberg
2004; Pleil et al. 2007; Yiin et al. 2004]; and run-off [Litten et al. 2003] as well as by high-
altitude imaging [Clark et al. 2001].

During the rescue and recovery operations, workers at the site were exposed to the
combustion products from the fires that intermittently burned in the rubble and to
the dust reentrained by rescue and recovery activities and environmental processes.
In the September to October 2001 period, workers™ exposures in and around the site
to the following chemicals were assessed: asbestos, carbon monoxide, chlorodifluoro-
methane, diesel exhaust, hydrogen sulfide, inorganic acids, mercury and other metals,
polycyclic aromatic hydrocarbons, particulates, respirable crystalline silica, and volatile
organic compounds [Wallingford and Snyder 2001]. Others characterized truck driv-
ers exposures to asbestos [Breysse et al. 2005], particulate matter, and volatile organic
compounds during the clean-up efforts [Geyh et al. 2005].

In the absence of direct measurements of exposures, particularly during the early stages
of the disaster and response, a variety of estimates of exposure or surrogates for expo-
sure have been used. These include the development of algorithms based on the arrival
time at the WTC site [Webber et al. 2009]; environmental samples and questionnaires
[Herdt-Losavio 2008]; location [Landrigan 2004]; distance and duration [Lederman et
al. 2004]; and duration, location, and modeling [Wolff et al. 2005].
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In reviewing the published studies that discussed the chemicals and chemical groups
found in the various sample types, several general categories of chemical agents, which
may include carcinogenic and non-carcinogenic agents, emerge, and they can be cat-
egorized as follows: asbestos, metals, polychlorinated polycyclic compounds, polycyclic
aromatic hydrocarbons, volatile organic compounds, crystalline silica, and glass fibers.
As noted in section A, many of the agents discussed below are not classified as carcino-
gens and are included in the discussion to present a more complete profile of physical
and chemical agent exposures arising from the September 11, 2001, terrorist attacks.

1. Chrysotile Asbestos

Chrysotile asbestos was used extensively to insulate the WTC North Tower, up to the
40th floor [Nicholson 1971]. Many of the collected worker breathing zone, ambient
air, and settled dust samples were analyzed for asbestos using either transmission elec-
tron microscopy (TEM), which was used to count structures >0.5 um in length and
determine total surface area of these particles, or phase contrast microscopy (PCM),
which was used to count particles >5 um in length and having an aspect ratio >3. Fibers
<0.25 um in diameter will generally not be detected by PCM (e.g., NIOSH Method
7400 [NIOSH 1994a]). PCM does not differentiate between asbestos and other fibers
since all particles meeting the counting criteria are counted. If confirmation is required,
PCM must be used in conjunction with electron microscopy (e.g., NIOSH Method 7402
[NIOSH 1994a)]) to differentiate between asbestos and non-asbestos fibers.

The first ambient air samples for asbestos were collected on September 14, 2001. Over
the next few months more than 9400 samples were analyzed for asbestos by TEM, and
22 exceeded the Asbestos Hazard Emergency Response Act standard of 70 structures
>0.5 um long per mm? [Lorber et al. 2007]. Over 19,000 air samples were collected for
asbestos and analyzed using PCM, and 4 exceeded the OSHA permissible exposure lim-
it (PEL)* of 0.1 f/cm’ [Lorber et al. 2007]. However, none of these samples represented
breathing zone concentrations in the dust cloud when the WTC towers collapsed.

Of 804 breathing zone and general area air samples collected for asbestos by NYC-
DOHMH contractors or NIOSH and analyzed using PCM, countable fibers (aspect
ratio 23 and length >5 um) were identified in 45% of the samples. Eighteen of the 25
samples that had >0.10 f/cm’ were analyzed by TEM to differentiate between asbestos
and non-asbestos fibers and found to have <0.10 asbestos f/cm’. Differential analysis of
the fibers on the filters using polarized light microscopy identified the majority of non-
asbestos fibers as fibrous glass, gypsum, and cellulose, which were used in the construc-
tion of the WTC buildings [Wallingford and Snyder 2001]. Asbestos exposures to truck

4The OSHA PELs referenced in this report are 8-hour time-weighted average concentrations which are not to be
exceeded in a workshift. Many of the PELs were adopted in 1971 based on consensus standards available at that
time. PELs issued since then were based on the available information and set at concentrations that were intended
to reduce the likelihood of adverse health outcomes as well as be technically and economically feasible.
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drivers during two weeks in October and one week in April of 2002 were assessed and
found to range from below the limit of detection for TEM to 0.01 structures per cubic
centimeter. The results also indicated that the majority of asbestos fibers were chrysotile
and <5 pum in length [Breysse et al. 2005].

Settled dust samples and ambient air samples were collected from two locations in Lower
Manhattan beginning one week after the September 11, 2001, terrorist attacks and analyzed
for asbestos. Trace amounts of chrysotile asbestos fibers were identified by three methods:
x-ray diffraction; polarized light microscopy; and analytical TEM. These fibers were found
in all six of the settled dust samples at < 0.01% by volume. However, no asbestos fibers were
detected in 73 liters of outdoor air sampled at Water Street near the Brooklyn Bridge.
No amphibole fibers were identified in the settled dust or air samples [Nolan et al. 2005].

2. Metals

Several metals were identified in the settled indoor and outdoor dust samples, as well as
air samples from Lower Manhattan, following September 11, 2001 [COPC 2003]. The
most common metals in the PM10-53 WTC dust were calcium, iron, and zinc, but the
following metals were also detected in the PM10 fraction of dust: aluminum, antimony,
titanium, and magnesium [Landrigan et al. 2004].

Persons caught in the initial dust cloud on September 11th are expected to have experi-
enced short-term exposures to high concentrations of lead, based on analyses of settled
dust samples [Lorber et al. 2007]. In late September the concentrations of lead exceeded
the EPAs National Ambient Air Quality (NAAQ) standard for lead of 1.5 ug/m’, but after
mid-October air concentrations of lead were similar to typical background concentra-
tions in New York City [Lorber et al. 2007].

Occupational exposures to metals were assessed by collecting air samples in the breathing
zones of emergency response workers during response and recovery activities near the
disaster site. The samples were analyzed for 27 metals, including the carcinogens arsenic,
beryllium, cadmium, chromium, and nickel. Only trace concentrations, well below per-
tinent NIOSH recommended exposure limits (RELs) and OSHA permissible exposure
limits (PELs), were measured in the samples, with one exception. One sample taken on
an oxy-acetylene torch cutter had a cadmium concentration of 8.6 pg/m?’, which exceeded
the OSHA PEL of 5 pg/m’* [Wallingford and Snyder 2001]. Additionally, 16 occupational
exposure samples were collected for mercury. Concentrations ranged from below the limit
of detection for the analytical method to 0.002 mg/m®, which are substantially less than
the NIOSH REL and OSHA PEL [Wallingford and Snyder 2001]. Note that none of these
samples were representative of breathing zone concentrations that occurred at the time of
the collapse of the WT'C towers.

3. Polychlorinated Polycyclic Compounds

Ambient air was monitored for dioxins, which includes 17 polychlorinated dibenzodi-
oxin (PCDD) and polychlorinated dibenzofuran (PCDF) congeners, at and around the
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WTC site between September 16 and late November 2001. The results of the samples
for these dioxins at the disaster site ranged from 10 to 170 pg/m® which is substan-
tially greater than the highest ambient levels previously recorded of 1.0 pg/m* [Lorber
et al. 2007]. In contrast, urban dioxin concentrations have been consistently measured
at <0.1 pg/m’, while concentrations downwind of incinerators have been measured in
the range of 1-5 pg/m’. A month after September 11th, all PCB concentrations near the
WTC site were similar to urban background concentrations. By December 2001, dioxin
concentrations were similar to typical urban background concentrations.

The amounts of tetra- through octa-chlorinated dibenzo-p-dibenzodioxins and diben-
zofurans (PCDD/F) were measured on alcohol wipe samples collected from the exterior
windows at seven sites in Lower Manhattan about six weeks after September 11. High
amounts of the 2,3,7,8 substituted congeners (e.g., 2,3,7,8-Tetrachlorodibenzo-p-dioxin)
were found in the samples [Rayne 2005; Rayne et al. 2005].

4. Polycyclic Aromatic Hydrocarbons

Particle-bound polycyclic aromatic hydrocarbons (PAHs) are among the products of
incomplete combustion produced when carbonaceous materials burn. Air samples col-
lected between September 23, 2001, and March 27, 2002, for PM2.5 were assayed for
particle-bound PAHs. Predicted concentrations on September 14 for the nine combined
PAHs ranged from 1.3 to 5 ng/m’, which are among the highest reported from outdoor
sources [Pleil et al. 2004].

Pliel et al. [2004] estimated that PAH air concentrations at the disaster site during the
first 200 days were greater than urban background concentrations. PAH concentrations
declined, with an estimated 15-day half-life as the WTC fires were extinguished, and ap-
proached background ambient levels of 5 ng/m® in mid-October 2001 [Lorber et al. 2007].
During the first 100 days after September 11 the fires were the predominant source of
PAHs. Later, diesel exhaust was the primary source [Pleil et al. 2004].

Twelve air samples were collected on workers in the September to October time frame
and analyzed for 16 PAHs. The PAHs were found at trace to small amounts on the
samples, and the concentrations did not exceed any pertinent NIOSH RELs or OSHA
PELs [Wallingford and Snyder 2001].

Lioy et al. [2002] examined three settled dust samples and analyzed for PAHs in par-
ticles <75 pum in diameter. They measured the amount of 40 typical PAHs with higher
molecular weights in excess of 200-300 pg/g, and benzo(a)pyrene was measured at 12
to 24 pg/g. Offenberg et al. [2004] found that the relative percentages of several PAH
compounds analyzed were similar in indoor and outdoor settled dust samples.

5. Volatile Organic Compounds

Airborne concentrations of 11 volatile organic compounds (VOCs), including the
known human carcinogen benzene, were measured by the EPA as 4-minute “grab
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samples” within smoldering piles near the disaster site, and the results were used to
prevent entry of workers when high concentrations were observed [Lorber et al. 2007].
Concentrations exceeding screening benchmarks were found for acetone, benzene,
1,3-butadiene, chloromethane, and ethylbenzene, but not for 1,4-dioxane, ethanol, sty-
rene, tetrahydrofuran, and xylenes. Several 24-hour samples were collected at the pe-
rimeter of the disaster site, and the VOC concentrations were typically about 1000 times
lower than those measured by the grab samples.

Twenty-four-hour air samples collected for benzene at and within the restricted areas
during the first month following September 11, 2001, often exceeded the ATSDR inter-
mediate minimum risk level (MRL) of 4 ppb, and six of the 14 samples were above the
detection limit, ranging from 0.7 to 5 ppb, which exceeds the historic average of 0.5 ppb
for NYC [Lorber et al. 2007].

Measurements of 14 VOCs were obtained from personal samplers for 12 truck drivers
hauling WTC debris in October 2001 and then for five truck drivers in April 2002 [Geyh
et al. 2005]. Benzene was detected in all samples, with a maximum of 9 ppb in October
and 4 ppb in April. The measured concentrations of other VOCs were considered very
low. Seventy-six samples were collected on other workers and analyzed for VOCs. Ethyl
benzene, styrene, and toluene were detected at trace amounts in 14 of the 76 samples,
but xylene was not detected in any of the air samples [Wallingford and Snyder 2001].

6. Crystalline Silica

Airborne crystalline silica® levels were sampled by the EPA at 14 sites between Sep-
tember 27, 2001, and June 20, 2002. Crystalline silica was not present in any of the 159
samples taken at the disaster site, but about 1% of the approximately 1800 samples col-
lected at other sites around the disaster site did contain crystalline silica. The highest
concentration measured was 0.03 mg/m* [Lorber et al. 2007].

Occupational exposure samples collected for respirable dust were also analyzed for
crystalline silica. Of the 18 samples collected by NIOSH between September 18 and
October 4, 2001, none contained crystalline silica above the limit of detection for the
analytical method [Wallingford and Snyder 2001].

7. Fibrous Glass

Glass fibers, also referred to as slag wool, man-made vitreous fibers (MMVE), or syn-
thetic vitreous fibers (SVFs), constituted 40% of three settled dust samples collected on
September 16 and 17 from weather-protected areas [Lioy et al. 2002]. These SVFs may
have come from fiberglass insulation, fireproofing, or ceiling tiles in the WTC towers
[Rosati 2004].

5Crystalline silica includes quartz, cristobalite, and tridymite.
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The ATSDR collected settled dust samples from inside and outside of apartments in
Lower Manhattan in November 2001. Glass fibers were identified by microscopy in 40
of 83 indoor sites and contributed from 2% to 35% of the dust content; and SVFs were
detected in 11 of 14 outdoor settled dust samples and contributed from 1% to 72% of
the dust sample content [Lorber 2007].

8. Particulate Matter (Dust)

The bulk of the settled dust was determined to originate from cement and gypsum
wallboard, both of which consist primarily of non-carcinogenic calcium compounds
[Herdt-Losavio 2008]. The range of particle size in the settled dusts was very broad, and
95% of the mass was in particles >53 um in diameter [Lioy et al. 2002].

Coarse particles, defined as particles having an aerodynamic equivalent diameter (AED)
in the range of 10-53 um and which are preferentially deposited in the nose and upper
airways when inhaled, were highly alkaline (pH 9.0-11.0). Particles in the respirable
range, defined as those having aerodynamic equivalent diameters <10 um and which
are capable of penetrating to the lower airways, and particles in the ultra-fine size range,
defined as particles having an aerodynamic equivalent diameter <1 pm, were nearly
neutral in pH. While only 2% of the overall mass of settled dust was in particles <2.5 pm
(PM2.5) [Landrigan et al. 2004], the total amount of PM2.5 dust released was estimated
at 11,000 tons [Pleil et al. 2004].

To assess occupational exposures, NIOSH collected 18 samples for respirable dust and
36 for total particulates between September 18 and October 4, 2001. None of the sam-
ples exceeded the OSHA PELs. Additional monitoring for personal exposures to par-
ticulate matter was conducted for 54 truck drivers hauling WTC debris during October
2001 and April 2002. During October the maximum exposure was 1700 pg/m’ and was
found at the disaster site. The median exposure to total dust was 346 ug/m’ for the truck
drivers in October. During April, the highest exposure measured was 195 pg/m? and the
median exposure was 144 ug/m?, which were much less than the exposures measured in
October [Geyh et al. 2005].

9. Tritiated Water

Traces of tritiated water were detected in a water sample collected from the WTC sewer
and in a water sample collected from the basement of Building 6. Likely sources of the
tritium include the emergency signs in the planes that crashed into the WTC Towers,
weaponry sites containing tritium, and tritium watches carried by the victims. Tritium
movement away from the WTC site is expected to have occurred by evaporation and
movement with other water sources through the building rubble into the area surrounded
by the slurry wall. It was then collected in the PATH train tunnel, where it was pumped
out to prevent flooding. The concentrations of tritium were reported to be 0.174 nCi/L
of water in the sewer sample, and a split sample from the basement of Building 6
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contained 3.53 nCi/L and 2.83 nCi/L. Each of these results is well below the EPA limit
in drinking water of 20 nCi/L [Parekh et al. 2002; Semkow et al. 2002]

D. Biomonitoring

Nine of the available publications on exposure reported the use of biomonitoring to as-
sess WTC-related exposures of specific groups. In reviewing the published studies that
discussed biomonitoring of exposures, several general categories of biomarkers emerge,
and they can be categorized as follows: particles deposited in the respiratory tract; and
a range of chemicals and chemical groups, including metals, polychlorinated polycyclic
compounds, polycyclic aromatic hydrocarbons, and volatile organic compounds. An
overview of biomonitored exposures to chemical agents in these five categories follows.

1. Particles Deposited in the Respiratory Tract

Several studies have evaluated particles identified in the respiratory tracts of those ex-
posed to the September 11, 2001, terrorist attacks. Ten months after the collapse, in-
duced sputum samples were obtained from 39 Fire Department of the City of New York
(FDNY) firefighters who worked in the WTC dust cloud on the morning of September
11, 2001, and compared with samples from firefighters in Tel Aviv to determine whether
a unique pattern of inflammation and particulate matter deposition was associated with
WTC dust exposure. As determined by scanning electron microscopy, the percentage of
particles larger than 2 um was greater in the induced sputum of FDNY firefighters than
in the Tel Aviv firefighters, the particles were more irregularly shaped for the FDNY
firefighters, and many more elements (e.g., titanium, zinc, mercury, gold, tin, and nick-
el) were identified for FDNY firefighters than Tel Aviv firefighters, whose sputum typi-
cally contained silica and clays. No asbestos fibers were identified [Fireman et al. 2004].

Rom et al. [2002] reported the results of bronchoalveolar lavage (BAL) concentrations
of a firefighter exposed from September 11 to September 24, 2001, to high concentra-
tions of WTC dust. Mineralogical analysis of the cell pellet obtained by BAL counted
305 asbestos (chrysotile and amosite) fibers/106 macrophages, including those with
high aspect ratios, and significant quantities of fly ash and degraded fibrous glass. An-
other study evaluated particles found in lung tissue of exposed individuals. Case reports
of seven previously healthy WTC workers who developed interstitial lung disease iden-
tified aluminum and magnesium silicates in unusual platy (sheet) structures, chryso-
tile asbestos, calcium phosphate and calcium sulfate, small shards of glass, and carbon
nanotubes of various sizes and lengths in the lung biopsies of some of these workers
(probably due to high-temperature combustion) [Wu et al. 2010].

2. Metals

Concentrations of several metals were measured in samples of blood and urine obtained
from 318 FDNY firefighters during the first week of October 2001 who responded to the
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WTC disaster, and for 47 firefighters who did not respond and were used as a control
group [Edelman et al. 2003]. The authors report that for the WTC responder group, the
mean urine concentrations of lead, antimony, cadmium, and uranium and the mean
blood concentration of cadmium were greater than for the control group, but below
clinically significant levels.

A study was conducted to ascertain the concentrations of mercury in the cord blood
of infants whose mothers were pregnant and worked or lived within 1 or 2 miles of
the WTC during the WTC disaster and response. The mercury concentrations in cord
blood were not elevated in comparison with those of infants whose mothers lived and
worked farther away [Lederman et al. 2008].

3. Polychlorinated Polycyclic Compounds

Heptachlorodibenzodioxin and heptachlorodibenzofuran congeners are produced by
burning plastics containing chlorine. The concentrations of these compounds in blood
samples of WTC-exposed FDNY firefighters were significantly elevated above those for
a control group of firefighters. One heptachlorodibenzodioxin congener was signifi-
cantly elevated in the blood samples of Special Operations Command firefighters and
the other firefighters who responded, in comparison with levels in the control group
[Edelman et al. 2003].

Concentrations of PCDDs, PCDFs, PCBs, and polychlorinated naphthalenes were mea-
sured in the blood of New York State employees and National Guard personnel who
worked in the vicinity of the WTC during the week after the collapse of the buildings.
Individuals’ exposures were estimated and categorized as more or less dust exposure,
and more or less smoke exposure. The results indicate that workers in the “More Dust
Exposure” and “More Smoke Exposure” categories were more exposed to PCDFs, while
the workers categorized as “Less Dust Exposure” or “Less Smoke Exposure” were more
exposed to PCDDs [Horii et al. 2010].

4. Polycyclic Aromatic Hydrocarbons

PAH metabolites were measured during the first week of October 2001 in samples of
blood and urine obtained from 318 WTC-exposed FDNY firefighters and 47 control
firefighters who were not exposed at the WTC [Edelman et al. 2003]. Mean blood or
urinary concentrations of all eight PAHs measured from the 95 Special Operations
Command firefighters who arrived earliest at the disaster site were significantly greater
than for the control firefighters.

In a study of NYC women who were pregnant on September 11, 2001, PAH-DNA ad-
duct concentrations were measured in cord blood and maternal blood [Perera et al.
2005a;b]. Of those women who smoked cigarettes during their pregnancy, those living
closest to the disaster site had higher concentrations of PAH-DNA adducts when compared
to those living farther away.
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5. Volatile Organic Compounds

The mean blood concentrations of xylenes were significantly higher in exposed FDNY
firefighters when compared to a control group [Edelman et al. 2003]. Concentrations of
eight perfluorochemicals were measured in the blood of 458 New York State and Na-
tional Guard employees assigned to WTC work after September 11th. The average con-
centrations were about twice those found in the general U.S. population [Tao et al. 2008].

E. Use of Personal Protective Equipment—Respirators

In the early days of the response, respirator use was considered a paramount issue. How-
ever, few studies address the use of respirators, and even fewer studies provide detailed
information on types of respirators used. In a study of factors associated with skin, eye,
respiratory, nose, and throat symptoms, firefighters who responded were asked to iden-
tify from a list of four types of respirators the type they used during five time periods.
The four types were: full face mask self-contained breathing apparatus; N95 filtering
face mask; half-face elastomeric respirator with combination P-100 and organic vapor/
acid gas cartridges; and hardware store-type disposable dust/paint masks that may or
may not have been NIOSH-certified and were not fit-tested or fit-checked.

An evaluation of the overall use of respiratory protection among these firefighters dur-
ing the first two weeks at the WTC site showed that 19% of the study firefighters report-
ed not using a respirator, and 50% reported using a respirator but only rarely [Feldman
et al. 2004].

Ninety-six ironworkers who started working at the site between September 11 and Sep-
tember 15 were questioned about their use of respirators, and 41 reported they did not
wear a respirator during the first week. Additionally, 33 reported wearing a dust respi-
rator during the first week, and 17 reported wearing a respirator with a canister® only
during the first week [Skloot et al. 2004].

F. Limitations of Chemical Exposure Assessment

A large number of ambient air and settled dust samples were collected within the first
months after the September 11, 2001, terrorist attacks, but relatively few personal air
samples or biomonitoring samples were collected. Ambient area air sampling, which
comprises most of the air sampling associated with the September 11, 2001, terrorist
attacks, is not generally considered to be standard practice for determining exposures
among workers.

Additionally, the lack of any environmental or personal samples during the very early
stages of the September 11, 2001, disaster, when exposures were the most intense, causes

¢The type of respirator and the type of canister were not identified.
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a significant gap in the characterization of exposures. Despite these limitations, a number
of exposure assessments based on the collected samples were developed and published
in the scientific literature. These assessments suggest that some individual responders
were potentially exposed to one or more of the chemicals designated by IARC and NTP
as known or reasonably anticipated human carcinogens. Furthermore, the exposure as-
sessments generally focused on narrow categories of chemical agents, identified in air
samples or settled dust. The toxicologic significance of complex mixtures of various
known occupational carcinogens and other chemical agents is poorly understood. Is-
sues of association between exposure and cancer are discussed in Chapter IV.

G. Other Exposures

In general, the role of exposures other than chemical exposures in the development of
cancer is less well-defined. Studies conducted following the September 11, 2001, ter-
rorist attacks did address a few non-chemical agent exposures. Most of these studies
addressed exposures in relation to mental and emotional health. Some of those studies
are summarized in this section.

Numerous studies have investigated stress-related outcomes (e.g., anxiety, depression,
and post-traumatic stress disorder, or PTSD) and exposure to the disaster-related events
of the September 11, 2001, terrorist attacks. Many of the studies addressed exposure by
the simple metric of proximity to the event [Galea et al. 2003]. Other exposure metrics
used include: knowing someone who died; knowing someone who was injured; finan-
cial impact; involvement in rescue and/or recovery; knowing someone involved in the
rescue and/or recovery [Calderoni et al.; Adams et al. 2005]; being on a high floor in
the towers; initiating evacuation late; being caught in the dust cloud that resulted from
the tower collapses; personally witnessing horror; sustaining an injury [DiGrande et al.
2011]; and in utero exposure [Endara et al. 2009].

Specifically, PTSD as a health outcome from the terrorist attacks has been extensively
studied. In a survey study done in 2003-2004, the prevalence of probable PTSD was
12.6% and was associated with older age, female gender, Hispanic ethnicity, low educa-
tion and income, and divorce [DiGrande 2008]. And evidence for persisting PTSD has
been reported [Neria 2010].

Finally, the role of organizational factors in health outcomes after the terrorist attacks
was addressed in one study [Osinubi et al. 2008]. Exposures were assessed using location
as the exposure surrogate—workers south of Canal Street were categorized as primary
victims, and workers north of Canal Street were categorized as victims or non-victims.
The association of these exposures with workers’ health and productivity was assessed.
A defensive organizational culture was found to be an independent predictor of cough
and job stress, and job stress was an independent predictor of productivity loss.
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H. Toxicological Studies

Numerous studies evaluated the effects on dogs of exposure at the WTC during rescue
and recovery. Each of the studies evaluated respiratory effects and observed no lasting
effects [Fox et al. 2008; Otto et al. 2010; Otto et al. 2004; Fitzgerald et al. 2008]. How-
ever, dogs deployed at the WTC had a combined morbidity, defined as one or more
abnormalities of body systems including traumatic injuries, 6.6 times greater than those
deployed at the Pentagon [Slensky et al. 2004]. Also, mild but significant increases were
identified for blood serum concentrations of globulin and bilirubin, as well as alkaline
phosphatase activity, in WTC-exposed dogs, which was suggestive of higher antigen or
toxin exposure [Otto 2004].

A few animal model and in vitro studies have been performed using WTC dusts to in-
vestigate the underlying mechanisms of the respiratory responses observed in respond-
ers and others. The identified studies have addressed inflammatory responses to the
WTC dust, but have not addressed cancer as an outcome.

Fallen dust samples were collected within 0.5 miles of the WTC and size-separated to
produce a PM2.5 fraction (derived WTC dust). Mice exposed by aspiration to a relative-
ly high dose of these derived samples showed only moderate pulmonary inflammation
but marked bronchial hyperresponsiveness. Lower doses by aspiration or nose-only did
not produce significant inflammation or hyperresponsiveness. The results indicate that
exposure to high levels of WTC dust can promote mechanisms of airflow obstruction
in mice. Airborne concentrations of derived WTC dust that would cause similar effects
in humans are estimated to be 425 pg/m’ for eight hours. The authors concluded that a
high-level exposure to WT'C PM2.5 could cause pulmonary inflammation and airway
hyperresponsiveness in humans [Gavett et al. 2003].

The effects of several size fractions derived from WTC indoor or outdoor dust samples
on human primary alveolar macrophages, and type II epithelial cells, which play impor-
tant roles in defending the lung from the effects of inhaled particles, have been studied.
In the primary alveolar macrophages, cytokines (i.e., interleukin [IL]-8, IL-6, and tumor
necrosis factor-alpha [TNF-a]) were released at two of the lower concentrations, but
fell at the highest concentration. Type II epithelial cells did not release TNF-a, and the
releases of IL-8 and IL-6 were lower than in the alveolar macrophages. These findings
demonstrate that respirable WTC particulate matter stimulates inflammatory mediator
release by lung cells, which might contribute to respiratory illness [Payne et al. 2004].
Further study of cytokine production indicates that the mitogen-activated protein kinase
signaling pathway is activated in a dose-dependent manner by WTC dusts, and likely
played an important role in the production of inflammatory cytokines [Wang et al. 2010].
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A. Cancer Publications

A total of 18 publications that mention cancer in human subjects and the September
11, 2001, terrorist attacks were identified as a result of bibliographic searches conducted
for this review. See Chapter 1. Of these 18 publications, five addressed environmental
monitoring or biomonitoring conducted in response to the September 11, 2001, terror-
ist attacks, but these publications did not contain any quantitative data concerning can-
cer as a health outcome. Of the 13 remaining publications, eight were not peer-reviewed
and five were peer-reviewed.

B. Peer-Reviewed Cancer Publications

The five peer-reviewed scientific and medical publications appear in Table 2 and are
summarized below:

1. Risk Models

Two articles used models to estimate the risk of cancer among residents of Lower Man-
hattan. One of the modeling publications noted a “slightly elevated” risk of cancer
[Rayne 2005] and the other modeling publication noted a “negligible” risk of cancer
associated with potential exposure to asbestos [Nolan et al. 2005].

2. Cancer Reviews

Two articles were reviews of cancer associated with the September 11, 2001, terrorist attacks
[Moline et al. 2006; Samet et al. 2007]. Neither author’s review of the literature revealed
any epidemiologic evidence for a causal association between September 11, 2001, exposures
and cancer, but the authors of both reviews did recommend that monitoring of the re-
sponder and survivor populations continue and that cancer screening be considered.

3. Case Series of Multiple Myeloma

One article was a small case series on the diagnosis of cancer in individuals affected by
the September 11, 2001, terrorist attacks [Moline et al. 2009]. In a case series of multiple
myeloma in eight responders to the September 11th attacks in New York City, the au-
thors observed that the number of multiple myeloma cases in men under the age of 45
(n=4 in the case series) was greater than the authors expected.

C. Non-Peer-Reviewed Cancer Publications
1. Letter to the Editor and Author’s Response About Multiple Myeloma

One article was a letter to the editor which noted that the four cases reported by Moline
et al. were all law enforcement officers who may have had other occupational expo-
sures that contributed to the development of multiple myeloma [Miller 2009].
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One article was a response to the letter to the editor in which the authors agreed that
the occurrence of the four cases of multiple myeloma in young responders did not prove
causation and recommended continued follow-up of the responder population [Moline
et al. 2009b].

2. Other

The remaining four non-peer-reviewed articles mention cancer but do not address can-
cer as an outcome.

Table 2. Publications and articles related to peer-reviewed
publications on cancer

Author/ Cohort/geography

year Study design under study Study results Cancer finding

Moline et. Case series 8 Registered WTC  Multiple myeloma el-  Greater than

al. 2009a responders (law evated above expected expected #
enforcement) in WTC responders un- cases of mul-

der 45 years of age; no tiple myeloma
epidemiologic analysis

conducted
Miller Letter to the  Moline et. al. 2009 Response to Moline N/A
2009 editor 2009 paper, noting

potential biases and
selection issues

Moline et. Response to Moline et. al. 2009 Response to Miller, N/A
al. 2009 letter to the 20009, re: potential
editor bias and selection
issues
Moline et. Review WTC responders Review of short and N/A
al. 2006  article medium term health

effects and review

of WTC exposures;
author recommended
screening of cohort for
cancer

(Continued)
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Table 2 (Continued). Publications and articles related to peer-reviewed
publications on cancer

Author/ Cohort/geography
year Study design under study Study results Cancer finding

Sametet. Comment N/A Reviews types and N/A
al. 2007 guantities of dust/par-
ticulates likely present
following 9/11/2001,
and evidence of expo-
sures. Discussion of
uncertainties involved
and need to follow
cohorts to monitor for
long-term cancer risk.

Rayne Environmen- Lower Manhattan Based on window film  Increased
2005 tal survey/ sampling 6 weeks cancer risk
Risk assess- following WTC attacks, predicted by
ment author estimates that  risk assess-
Lower Manhattan resi- ment
dents have a slightly
elevated cancer risk
due to exposures to
certain semi-volatile
organic compounds

Nolan et. Risk assess- WTC environmental Cancer risk associ- Estimated

al. 2005 ment sampling ated with assumed excess risk of
asbestos exposures 1 case of can-
for residents of Lower  cer for Lower
Manhattan resulting Manhattan
from the collapse of residents
the WTC is negligible.
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A. Basic Concepts

The branch of science that deals with the study of the causes, distribution, and control
of disease in populations is called epidemiology. The point of many epidemiological
studies is to examine or “observe” any associations between an exposure variable, or
variables, and health outcome. Unlike studies done in a laboratory, or under controlled
conditions, most epidemiological studies are not experimental; they are “observational
studies” Such studies are conducted in an inherently “noisy” environment in free-living
populations [Lucas 2005]. Chance, bias, and confounding are ever present threats in any
epidemiological study and complicate drawing a causal inference from observing an as-
sociation between exposure and disease. An observed association may not be a causal one.

B. Observed Associations and Causal Associations

Drawing causal inferences about exposures resulting from the September 11, 2001, ter-
rorist attacks and the observation of cancer cases in responders and survivors is especially
challenging since cancer is not a rare disease. In the United States, the probability that a
person will develop cancer during their lifetime is one in two for men and one in three for
women [ACS 2010]. This “background” rate of cancer development would be expected
in responders and survivors even if the September 11, 2001, terrorist attacks had never
occurred. Determining, then, if the September 11, 2001, exposures are contributing to an
additional burden of cancer in responders and survivors is a scientific challenge.

One of the most important frameworks that epidemiologists often use to assess the
causal nature of an observed association is the “Bradford Hill criteria” [Hill 1965]. Al-
though published 46 years ago, the Bradford Hill criteria have been described as an
important “aid to thought” by the noted epidemiologist who determined that the asso-
ciation between tobacco smoking and lung cancer was a causal one [Doll 2002].

Hill did not propose the criteria as a rigorous checklist, but they are often viewed in that
way. The criteria have been criticized as failing to deliver on being able to clearly distin-
guish causal from non-causal associations [Rothman 2002]. None of the nine Bradford
Hill criteria are alone sufficient to establish causation, but together they can provide a
starting point in evaluating whether an observed association is indeed a causal one. The
following sections describe the nine Bradford Hill criteria:

1. Strength

The strength of the association refers to the magnitude of the association between a risk
factor and the health effect. Bradford Hill thought that the weak associations were less likely
to be causal than strong ones. In contemporary epidemiology, weak associations are often
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encountered, and much attention needs to be focused on (1) a strong study design and
methodology that minimizes bias, (2) evaluation of the role of chance, and (3) measure-
ment of possible confounders of a valid measure of association [Lucas and McMichael
2005].

2. Consistency

Consistency of findings means that you can have more confidence in a causal explana-
tion for an observed association if studies in different populations of similarly exposed
individuals show similar health effects. Lack of consistency, though, is not a necessary
criterion for a causal interpretation; lack of consistency may provide insights that war-
rant further investigation [Lucas and McMichael 2005].

3. Specificity

Specificity refers to the idea that any exposure gives rise to only a single outcome [Le-
men 2004]. This is generally true for acute communicable diseases—for example, the
rubella virus cause only rubella (the disease)—but it is not generally true for non-
communicable diseases such as environmental exposures [Lucas and McMichael 2005].

4. Temporality

Temporality means that the exposure precedes the development of the health effect and
is viewed as a necessary criterion for determining that an association is causal. There is
universal agreement that temporality is truly a causal criterion [Rothman 2002].

5. Biological Gradient

Biological gradient means that the higher the “dose” of exposure, the greater the mag-
nitude or likelihood of the health effect observed. Although useful for a toxicological
laboratory experiment, such a quantitative relationship may be a challenge to demon-
strate with environmental exposures [Rothman 1998]. Suggestions have been made to
develop a new framework for a unified approach to dose-response assessment in envi-
ronmental risk assessment [NRC 2009].

6. Plausibility

Plausibility means that the exposure-health outcome association makes biologic sense
and does not conflict with generally known facts. However, the biological knowledge of
the moment may not be sound and may merely reflect prior beliefs—not biologic fact.

7. Coherence

Coherence and biological plausibility share a common judgment that the causal asso-
ciation “fits” with known facts about the biology of the disease.
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8. Experiment

Experiment asks the question: If exposure is reduced by preventive actions (e.g., tobacco
smoking cessation), does the rate of lung cancer decrease? Public health interventions
are designed to reduce or eliminate a hazardous exposure, thereby improving the health
outcome associated with that exposure. A positive intervention provides good evidence
that the exposure-health outcome association was indeed a causal one.

9. Analogy

Reasoning by analogy is a weak method for identifying associations, but it may have
limited use in helping to assess whether an association is a causal one. Exposure to
environmental tobacco smoke and the risk of lung cancer can be analogized from the
known risk of lung cancer in active smokers [Lucas and McMichael 2005].

C. Challenges in Establishing Causal Association

From a scientific perspective, the task of establishing a causal association between the
September 11, 2001, exposures and cancer poses some challenges for a number of rea-
sons.

When the particular health effect is highly prevalent in the population, it takes more ef-
fort to distinguish causation arising from just one type of exposure. As stated above, be-
cause cancer is not a rare disease in the United States, many cases of cancer are expected
to occur in any subset of the American population, regardless of exposures resulting
from the terrorist attacks. Observing a disproportionate number of cases of cancer than
the number expected would be an important finding in WTC cancer studies.

Many exposures associated with cancer (e.g., smoking, diet, and genetic influences) are
not unique to a single event in the individual’s life (like the September 11, 2001, terrorist
attacks), making it more challenging to draw a causal association between cancer and
just one of those exposures. The assessment of multifactor causation is a special chal-
lenge to cancer epidemiology.

When the observation period is shorter than the average time that it takes for cancer
to develop biologically following exposure (i.e., latent period), an excess of cancer cases
would not be expected to be seen.

An important feature of cancer epidemiology is being able to represent exposure quan-
titatively. The limitations of the WTC exposure assessment literature as discussed in
Chapter II make precise quantitative (e.g., breathing zone) exposure assessment a chal-
lenge, and qualitative categories may be utilized (e.g., time of arrival, duration of re-
sponse or recovery work, and proximity to the dust cloud). This is often the case when
assessing “real world” environmental exposures.
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D. Adding Cancer in the WTC Health Program

1. Procedures

Section 300mm-22(a)(5)(A) of Title XXXIII of the Public Health Service Act, codity-
ing the James Zadrogra 9/11 Health and Compensation Act of 2010, (“Act”), requires
the Administrator of the WTC Health Program to conduct periodically a review of all
available scientific and medical evidence published in peer-reviewed journals for the
purpose of determining if, based on that evidence, cancer or a certain type of cancer
should be added to the List of WTC-Related Health Conditions (“List”) found in Sec-
tion 300mm-22(a)(3) and 300mm-32(b).

The Act further specifies that if the Administrator determines that cancer or a cer-
tain type of cancer should be added to the List, the Administrator shall propose the
addition(s) through rulemaking. Based on all available evidence in the rulemaking re-
cord, the Administrator shall make a final determination of whether cancer or a certain
type of cancer should be added to the List and promulgate a rule to that effect, or pub-
lish an explanation for why cancer or a certain type of cancer should not be added to the
List. See 42 U.S.C. sec. 300mm-22(a)(5)(B) through (D).

In Section 300mm-22(a)(6), the Act provides that whenever the Administrator deter-
mines that a proposed rule should be promulgated to add any type of health condition
(including cancer or a certain type of cancer) to the List, the Administrator may either
(1) request a recommendation of the WTC Health Program Scientific/Technical Advi-
sory Committee (“STAC”) or (2) publish a proposed rule in the Federal Register.

The Act also provides for the receipt of written petitions by an interested party to add a

health condition to the List. An interested party is defined in Section 300mm-22(a)(6)
(E) and “includes a representative of any organization representing WTC responders, a
nationally recognized medical association, a Clinical or Data Center, a State or political
subdivision, or any other interested person.”

In the case of a petition to add a health condition to the List, the Administrator not
later than 60 days after the date of receipt of the petition shall do one of the following:
(1) request a recommendation from the WTC Health Program STAC; (2) publish in the
Federal Register a proposed rule to add such a health condition to the List; (3) publish
in the Federal Register a determination not to propose a rule adding the health condi-
tion; or (4) publish in the Federal Register a determination that insufficient evidence
exists to take any of these actions. See 42 U.S.C. sec. 300mm-22(a)(6)(B).

If the Administrator of the WTC Health Program requests a recommendation from the
WTC Health Program STAC, the WTC Health Program STAC is required to submit
to the Administrator its recommendation not later than 60 days after the date of the
Administrator’s request or by a date (not to exceed 180 days after the Administrator’s
request) specified by the Administrator.
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Not later than 60 days after receiving the recommendation from the WTC Health Pro-
gram STAC, the Administrator shall (1) publish a proposed rule regarding the recom-
mendation; or (2) publish the Administrator’s determination in the Federal Register
not to publish a proposed rule and the basis for such determination. See 42 U.S.C. sec.
300mm-22(a)(6)(C).

2. Weighing the Evidence

In addition to specifying the procedures for adding health conditions, including cancer,
to the List, the Act also spells out the basis upon which a determination to add a health
condition to the List must be made.

Section 300mm-22(a)(5)(B) provides that the Administrator’s determination is “based on
the periodic reviews ..." Section 300mm-22(a)(5)(A) describes the materials to be includ-
ed in the periodic reviews and provides the basis for the Administrator’s determination on
whether to add cancer or a certain type of cancer, as “all available scientific and medical
evidence, including findings and recommendations of the Clinical Centers of Excellence,
published in peer-reviewed journals...”. All available scientific and medical evidence is a
broad category, but the Act narrows the broad category to include only the scientific and
medical evidence that is published in peer-reviewed journals.

The Act does not provide specific guidance, though, about how peer-reviewed scientific
and medical evidence is to be evaluated or “weighed” by the Administrator in making
a determination to add, or not to add, a health condition to the List. “Weight of the
evidence” is a common term in the risk assessment literature, but it can have different
meanings and applications [Weed 2005]. Some Federal statutes provide more specific
guidance on how evidence is to be weighed than the Act does.”

7In the Persian Gulf War Veterans Act (38 U.S.C. §1118), the Secretary of Veterans Affairs is tasked with determining
whether a health condition warrants a presumption of service connection by reason of having a positive association
with a set of exposures. The determination is one “based on sound medical and scientific evidence that a positive
association exists between” specified exposures and an illness in humans or animals. In making the determination,
the Secretary must take into account reports submitted by the National Academy of Sciences, all other sound medi-
cal and scientific medical information and available analyses. In evaluating any report, information or analysis,
the Secretary is required to take into consideration whether the results are statistically significant, are capable of
replication, and withstand peer review. An association between exposure and illness shall be considered positive if
the credible evidence for the association is equal to or outweighs the credible evidence against the association. See
also IOM 2009 and IOM 2010.
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A. Public Input Opportunities

1. Stakeholder Meeting

On March 3, 2011, NIOSH held a public meeting in New York City to receive comments
from the public on implementing the provisions of the James Zadroga 9/11 Health and
Compensation Act of 2010. During the meeting, over 40 individuals spoke either in person
or by telephone, providing their perspectives on the current program as well as their ideas
for how the program should move forward. One of the issues raised during the meeting
included the inclusion of cancer into the List of WTC-Related Health Conditions.

See http://www.cdc.gov/niosh/docket/archive/docket226.html for more information
about the stakeholder meeting and to access electronic copies of all the submissions to
the meeting docket as well as a full transcript of the meeting. A number of submissions
to the stakeholder meeting docket addressed cancer.

2. Request for Information

NIOSH announced a Request for Information about cancer in the Federal Register on
March 8, 2011 (Vol. 76, No. 45, page 12,740), and amended that Request on March 29,
2011 (Vol. 76, No. 60, page 17,421). NIOSH requested information from the public on
the following three questions regarding conditions relating to cancer for consideration
under the WTC Health Program:

1. Relevant reports, publications, and case information of scientific and medical
findings where exposure to airborne toxins, any other hazard, or any other ad-
verse condition resulting from the September 11, 2001, terrorist attacks is sub-
stantially likely to be a significant factor in aggravating, contributing to, or caus-
ing cancer or a type of cancer;

2. Clinical findings from the Clinical Centers of Excellence providing monitoring
and treatment services to WTC responders and community members directly
exposed to the dust cloud, gases, and vapors on September 11, 2001, and those
living and working in the affected area; and

3. Input on the scientific criteria to be used by experts to evaluate the weight of
the medical and scientific evidence regarding such potential health conditions.

NIOSH received ten submissions from the public, which are published in the NIOSH
Docket (see Docket 227 at http://www.cdc.gov/niosh/docket/archive/docket227. html).

NIOSH thanks all those who submitted comments on conditions related to cancer for
the WTC Health Program. The submissions can be divided into two general categories:
(1) submissions by organizations and (2) submissions by individuals.
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B. Request for Information Input

1. Organizations

o Uniformed Firefighters Association (UFA) noted the growing number of fire-

fighters that are being diagnosed with cancers such as non-Hodgkin’s lymphoma
and multiple myeloma and that these conditions need to be added for coverage in
the World Trade Center Health Program. A separate submission reviewed the bio-
logical plausibility of chemical synergism as an underlying mechanism promoting
the development of cancer in the WTC responders.

http://www.cdc.gov/niosh/docket/archive/pdfs/NIOSH-227/0227-042811-
Royce_sub.pdf

http://www.cdc.gov/niosh/docket/archive/pdfs/NIOSH-227/0227-032811-Romaka_
sub.pdf

NYS Laborers Health and Safety Trust Fund requested that NIOSH consider three
sources of information to inform scientific criteria to weigh the evidence. These
are (a) the exposures experienced by WTC responders and survivors and the sci-
entific literature on cancer related to these exposures; (b) general knowledge of
cancers related to exposure to chemicals and toxins; and (c) follow-up studies of
WTC responders and survivors.

http://www.cdc.gov/niosh/docket/archive/pdfs/NIOSH-227/0227-033111-Melius_
sub.pdf

International Myeloma Foundation (IMF) provided background information on
myeloma, including research linking myeloma with environmental exposures;
and requested an aggressive outreach campaign.

http://www.cdc.gov/niosh/docket/archive/pdfs/NIOSH-227/0227-042911-Durie_
sub.pdf

The Patrolmen’s Benevolent Association of the City of New York, Inc. (PBA) re-
quested the addition of multiple myeloma to the list of covered conditions for
treatment, given the research evidence [Moline 2009]. The letter also suggests that
the WTC Program Administrator evaluate evidence and exercise discretion in
adding additional types of cancer such as those that appear more frequently with-
in the responder population.

http://www.cdc.gov/niosh/docket/archive/pdfs/NIOSH-227/0227-042911-
Tramontano_sub.pdf

NYC Department of Health and Mental Hygiene submitted the 2010 Annual Re-
port from New York City’s World Trade Center Medical Working Group, which
reviews the WTC health effects literature and recommends specific standard
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methodological approaches to assist the future comparison of studies regarding
WTC exposure and cancer.

http://www.cdc.gov/niosh/docket/archive/pdfs/NIOSH-227/0227-042811-Farley_
sub.pdf

2. Individuals

e A member of the public asked NIOSH to change the original Federal Register
request for information on WTC cancer to include those who lived, worked, or
attended schools in the impacted neighborhoods in the days, weeks, and months
following the attack.

http://www.cdc.gov/niosh/docket/archive/pdfs/NIOSH-227/0227-031011-
Polett_sub.pdf

e A member of the public submitted a review of the historical investigations of
Agent Orange and the Gulf War Syndrome in evaluating chemical injury and the
harm from inappropriate diagnoses. A clinical algorithm was suggested for the
evaluation of the chemically injured patient to help differentiate physical from
psychosomatic injury after toxic chemical exposure.

http://www.cdc.gov/niosh/docket/archive/pdfs/NIOSH-227/0227-042911-
Moore_sub.pdf

e A member of the public submitted two lengthy reports—Report Docket No.
NIOSH 227 JP and JP2—about the causes of the September 11, 2001, events in
New York City in relation to the development of human cancers.

http://www.cdc.gov/niosh/docket/archive/pdfs/NIOSH-227/0227-031411-Prager_
sub.pdf

http://www.cdc.gov/niosh/docket/archive/pdfs/NIOSH-227/0227-031511-Prager_
sub.pdf

C. Input from WTC Clinical Centers of Excellence and the
WTC Health Registry

The WTC Program Administrator sent a letter on June 3, 2011, to the WTC Data Cen-
ters, WTC Clinical Centers of Excellence, and the WTC Health Registry requesting
information relevant to this review.

In the June 3, 2011, letter, the Administrator noted that the review would be greatly
enriched by (1) any clinically observed findings, including trends, that are unpublished,
but which are believed to be important clinical observations pertaining to cancer; (2)
any planned data analysis or research efforts pertaining to cancer; and (3) any findings
pertaining to cancer that are being prepared for publication, with an estimate of when
such paper(s) are expected to be published.
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The Administrator received submissions from the Fire Department of the City of New
York, the Mount Sinai School of Medicine, and the New York City Department of Health
and Mental Hygiene’s World Trade Center Health Registry.

1. Fire Department of the City of New York (FDNY)®

FDNY researchers, in collaboration with the FDNY WTC Clinical Center of Excel-
lence and the FDNY WTC Data Center, are in a unique position to study health out-
comes, such as cancer, as we are able to estimate pre- and post-9/11 cancer rates in
non-WTC exposed rescue workers, both those retired prior to and those hired after
closure of the WTC site as a comparison for WTC-exposed workers. We are able to do
this because we continue to follow virtually the entire WTC-exposed and non-WTC
exposed cohorts through matches with various state cancer registries. Furthermore,
by having two occupational groups (Fire and EMS) with well-documented but quite
different exposures, we have high and low exposed groups for comparison studies.
Inasmuch as FDNY Bureau of Health Services (BHS) cares for both these groups us-
ing the same surveillance protocols and each group has identical access to healthcare,
comparisons of cancer rates between these groups should limit the potential for sur-
veillance bias.

FDNY has developed a cancer database that collects and documents cases of cancer re-
ported: 1) in the annual monitoring questionnaires; 2) in the FDNY electronic medical
record during any treatment visit; and 3) via matches with state cancer registries. This
has led to a nearly complete dataset for both pre- and post-9/11 cancers. In this study,
follow-up began in 1996 because this is when cancer data from New York State Cancer
Registry reached high levels of completeness (>97%).

We have just completed our first cancer study in this cohort—examining cancers oc-
curring within the first seven years post-9/11/2001 in approximately 10,000 firefighters.

Additional research is needed as the time interval since 9/11 is still short for cancer out-
come studies. As in any observational study, it is also challenging to rule out the effect of
surveillance bias or potential unmeasured confounders. Furthermore, FDNY firefight-
ers experienced uniquely intense WTC exposures and therefore our findings need to
be reproduced in other groups with different but equally well-documented exposures
and similar access to healthcare. Our FDNY EMS workers are a perfect group for this
comparison analysis.

8 Excerpted from a letter to John Howard submitted on June 21, 2011, by David Prezant, M.D., Chief Medical Officer
and Special Advisor to the New York City Fire Commissioner on Health Policy, Principal Investigator, WTC Data
Center, Co-Director FDNY WTC Medical Monitoring and Treatment Programs, and Kerry Kelly, M.D., Chief
Medical Officer, Bureau of Health Services, FDNY, Principal Investigator, WTC Clinical Center of Excellence, Co-
Director WTC Medical Monitoring and Treatment Programs.
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To fund this additional research, we have recently submitted to NIOSH a research ap-
plication that would allow us to continue our study of cancer rates of incident (first can-
cers) and multiple primary tumors, in separate cohorts of firefighters and EMS workers.
This future research, if funded, will build upon the knowledge and analytic experience
our team gained from this initial study by extending the study to include additional
years of follow-up for firefighters, and for the first time, by studying our EMS popula-
tion. Continuing this research by leveraging the existing infrastructure and the estab-
lished trust that the FDNY clinical and data centers have built with this cohort will
provide an effective path to reach this important scientific objective.

This research would benefit the WTC program and the cohort it serves. If cancer rates
are increased, then a screening and treatment program can be tailored to the specific
sites or organs that are affected and the cohort can receive targeted education on strate-
gies to prevent and find new cancers. In contrast, if these analyses show that cancer is
not increased in the two different groups (Fire and EMS) with well-documented but
different exposures and similar access to healthcare (e.g., similar case surveillance is-
sues), then this information can be communicated to the cohort in a responsible fash-
ion, emphasizing that longer-term studies are needed, but that until there is evidence to
the contrary, limited healthcare dollars should be directed otherwise.

2. Mount Sinai School of Medicine®

a. Any clinically observed findings, including trends, that are unpublished, but
which you believe are important clinical observations pertaining to cancer?

In 2009, the World Trade Center Medical Monitoring and Treatment Program
(WTC MMTP) published the manuscript “Multiple Myeloma in World Trade
Center Responders.” The study reported an unusual number of multiple myelo-
ma cases in World Trade Center responders under age 45. As a case series, it did
not permit the drawing of causal inference. Nonetheless, the report underscored
the importance of maintaining surveillance for cancer and other emerging dis-
eases in this highly exposed population.

Currently, we are actively investigating and analyzing almost 60 cancer sites,
including myeloma, to determine if there is any evidence of elevation in rates.
Preliminary data are undergoing detailed analysis and review by Dr. Paolo Bof-
fetta, an expert in the field of cancer epidemiology, and by others.

b. Any planned data analysis or research efforts pertaining to cancer?

In June 2010, we participated in an expert meeting with the Fire Department
of New York City, New York City Department of Health Registry, nationally

°Excerpted from a June 22, 2011, letter to John Howard submitted by Philip J. Landrigan, M.D., M.Sc., Ethel H. Wise
Professor and Chairman, Department of Preventive Medicine, Professor of Pediatrics, Director, Environmental
Health Center, and Principal Investigator of WT'C Medical Monitoring and Treatment Program and WTC Data
Center, Mount Sinai School of Medicine, New York, New York.
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recognized biostatisticians, environmental health scientists and cancer epidemi-
ologists to develop strategies and methods that may be utilized to analyze WTC
data for cancer.

Currently, our focus of work is on the linkage of data from the WTC MMTP
with data from the New York State Tumor Registry (and other State Tumor Reg-
istries as the data becomes available) in order to identify responders that have
been diagnosed with cancer and who are also registered with New York State
Tumor Registry. Analysis of data will involve a comparison of the number of
cancer cases identified in State Tumor Registries among WTC responders with
expected numbers of cancer in the general population (based on the responders’
age, sex, and race).

Furthermore, the WTC MMTP Cancer Surveillance Team continues to work
intensively to confirm all self-reported cancers. We have hired a senior, high-
ly experienced nurse who is engaged in the process of interviewing every re-
sponder who has reported cancer. She is asking for permission to obtain these
responders’ medical records from hospitals and physicians so that all reported
diagnoses of cancer can be properly verified and classified.

Additionally, we will utilize exposure data to determine whether responders
with increased exposure are more likely to be diagnosed with cancer (and iden-
tified in the Tumor Registry). Our initial efforts will look at responders who
were present at the WTC sites and in the dust cloud on 9/11. Also, we will look
at duration of work at the WTC sites. In time, we will develop a more sophis-
ticated exposure matrix that combines duration of work, presence on 9/11-12,
and location and type of work.

c. Any findings pertaining to cancer that are being prepared by you for publica-
tion, with an estimate when such paper(s) are expected to be published?

At this time, we are preparing an application for the Department of Health and
Human Services solicitation number 2011-Q-13340 for further surveillance,
analysis and reporting on all cancers.

3. World Trade Center Health Registry*°

The World Trade Center (WTC) Health Registry is in the early stages of analyzing any
potential relationship between cancer and WTC exposure among its 71,000 enrollees.
Because the induction period (the time it takes for cancers to develop) and the latency
period (the time to detection) can range from five to 20 years after environmental or
occupational exposures, this research will continue for as long as the Registry is funded.

YInformation submitted to John Howard on June 20, 2011, via email by Mark Farfel, Sc.D., Director of the WTC
Health Registry at the New York City Department of Health and Mental Hygiene.
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Physicians are required by law to report information to state cancer registries about
cancer diagnoses among their patients. As a first step in its cancer analysis, the WTC
Health Registry is confirming cancer diagnoses by matching the names of its enrollees
with cancer registries in New York and 10 other states where more than 90% of all en-
rollees currently reside. This is a critical step because it provides researchers with essen-
tial information, including the date of diagnosis and the type of cancer. This summer,
the Registry expects to complete matches through 2008 in all 11 states (there is a lag
between the time physicians report cancer data and when the state is able to compile it).
Future matches will take place every 2 years.

Once the WTC Health Registry has completed the matches to all 11 state cancer reg-
istries through 2008, it will conduct a preliminary analysis of the data to determine if
there is an excess incidence of post 9/11 cancer overall, and by specific types of cancer,
among enrollees by comparing the number of cancer diagnoses among enrollees to
those expected based on rates among the general population of New York State (the
New York State Cancer Registry calculates the incidence of cancer based on gender, age
and ethnicity). This is known as an external comparison.

The WTC Health Registry plans to submit the results of this first, or baseline, analysis
among enrollees compared with New York State cancer rates for publication early in
2012. Thereafter, the WTC Health Registry plans to conduct similar analyses every five
years, using matches from all 11 state cancer registries and comparing them to rates of
cancer in New York State because the Registry population is believed to be most similar
to that of New York State. External comparisons may also be made to the general U.S.
population. This will facilitate comparison of findings with WTC researchers who may
be using this population for their analyses.

In addition, the WTC Health Registry will attempt to conduct internal comparisons
based on the degree (high, intermediate, low) to which an enrollee was exposed to the
WTC disaster. A group of national experts, including representatives from the Ameri-
can Cancer Society, Memorial Sloane Kettering Hospital and Harvard University, rec-
ommended that WTC cancer researchers use internal comparisons whenever possible
because they are likely to have greater scientific validity than external comparisons.
However, internal comparisons are challenging for two reasons: 1) even though the
Registry has the largest cohort of persons exposed to 9/11, the cohort is relatively small,
thus limiting the statistical power of cancer analyses; and 2) information about specific
types of WTC exposure is limited.

The WTC Health Registry is committed to employing the best methodology possible
in its ongoing investigation to determine any potential links between WTC exposure
and increased cancer risk. As part of this commitment, it will continue to work with
other WTC researchers, including those from the Fire Department of New York and
the New York/New Jersey WTC Clinical Consortium, in the WTC Analytic Methods
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Workgroup, which was established to implement the recommendations from national
experts in June 2010. These recommendations can be accessed in the 2010 WTC Medi-
cal Working Group’s Annual Report.! In addition, the WTC Health Registry will con-
tinue to consult with these and other experts, as needed.

D. New York State Department of Health'?

The WTC Responders Fatality Investigation (RFI) program was the data collection cen-
ter for fatalities occurring among the WTC responder, worker and volunteer popu-
lations in order to conduct an initial assessment regarding whether responders were
at high risk for certain causes of death. The study population included any responder
death that occurred between September 12, 2001 and June 30, 2009. Because there was
no central method to identify the responders, deaths were identified primarily through
obituary reviews and names provided by other WTC programs.

A sample cohort was created using information from the WTC Health Registry. There
were 836 deaths identified; the cause of death was confirmed for 814 deaths. Capture-
recapture analyses indicated approximately 53% of expected deaths were identified. Be-
cause the ascertainment of deaths was incomplete, it was determined that the results
of the PMRs were biased and unreliable. Few of the SMRs were elevated or statistically
significant, primarily due to the healthy worker effect and low case ascertainment.

Because the results of this study were inconclusive, it is recommended that the currently
established WTC programs conduct death matching of their cohorts on a periodic ba-
sis to examine whether there is an increased risk among their cohorts. Elevated results
should be used to generate hypotheses for future research.

112010 WTC Medical Working Group’s Annual Report can be found at http://www.nyc.gov/html/doh/wtc/down-
loads/pdf/news/2010_mwg annual report.pdf.

2Submitted to John Howard via email on June 20, 2011, by Kitty H. Gelberg, Ph.D., M.P.H., Chief, Epidemiology
and Surveillance Section, Bureau of Occupational Health, New York State Department of Health, Troy, New York.
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A. Exposure Publications

Following the September 11, 2001, terrorist attacks, environmental sampling of the
area around the WTC in New York City identified 287 chemicals and chemical groups.
Categories of these chemicals include asbestos and glass fibers, crystalline silica, vari-
ous metals, volatile organic compounds, polychlorinated polycyclic compounds, and
polycyclic aromatic hydrocarbons. Some of the chemicals identified through environ-
mental sampling are known to be human carcinogens or are reasonably anticipated
to be human carcinogens. These known or reasonably anticipated human carcinogens
have been associated by the IARC and/or the NTP with a number of different types
of cancers, such as lung cancer including mesothelioma; skin cancer; bladder cancer;
hematopoietic cancers; testicular cancer; prostate cancer; and liver and biliary cancer.

A number of exposure assessments were conducted within the first few months after
the September 11, 2001, terrorist attacks and published in the scientific and medical
literature. The peer-reviewed, published assessments suggest that responders and others
in the nearby area were potentially exposed to one or more of the substances designated
by IARC and NTP as known or reasonably anticipated human carcinogens, although
generally not in excess of applicable occupational exposure limits.

A significant limitation of the exposure assessment literature is the paucity of personal
exposure measurements, especially during the early stage of the September 11th disas-
ter when exposures were the most intense. These limitations in the exposure assessment
literature make scientific analysis of a causal association between exposure and health
effects, such as cancer, quite challenging. Furthermore, the science of conducting risk
assessments of complex mixed exposures, such as those that occurred as a result of the
September 11, 2001, terrorist attacks, adds another dimension to the challenge.

B. Cancer Publications

Very little has been published addressing the association of exposures arising from the
September 11, 2001, terrorist attacks and cancer in responders and survivors. Only one
peer-reviewed article (on any type of cancer) has been published to date [Moline 2009].
Two other publications used models to estimate the risk of cancer among residents in
Lower Manhattan, with one noting a “slightly elevated” risk of cancer [Rayne 2005]
and another finding a “negligible” risk of cancer associated with assumed exposure to
asbestos [Nolan et al. 2005]. The paucity of published epidemiologic studies on cancer
in the peer-reviewed literature to date may be due to a number of factors, including the
traditional latency period between exposure and the development of cancer. However,
human health research in the area of cancer associated with the September 11, 2001,
terrorist attacks is ongoing, and peer-reviewed publications will be included in future
periodic reviews of cancer.
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C. Determination

The first periodic review of cancer for the WTC Health Program provides a summary
of the current scientific and medical findings in the peer-reviewed literature about ex-
posures resulting from the September 11, 2001, terrorist attacks and cancer studies.
The review discusses criteria that have been used previously to assist in weighing the
evidence to determine if a causal association exists between exposure and cancer. The
review summarizes input from the public and provides reports about cancer from the
Mount Sinai School of Medicine, Bureau of Health Services of FDNY, the WTC Health
Registry of the New York City Department of Health and Mental Hygiene, and the New
York State Department of Health.

Based on the scientific and medical findings in the peer-reviewed literature reported in
this first periodic review of cancer for the WTC Health Program, insuflicient evidence
exists at this time to propose a rule to add cancer, or a certain type of cancer, to the List
of WTC-Related Health Conditions.

Although a determination cannot be made to propose a rule to add cancer, or a type
of cancer, to the List of WTC-Related Health Conditions at this time, it is important to
point out that the current absence of published scientific and medical findings demon-
strating a causal association between the exposures resulting from the September 11,
2001, terrorist attacks and the occurrence of cancer in responders and survivors does
not indicate evidence of the absence of a causal association.

It is expected that the second periodic review of cancer for the WTC Health Program
will be conducted in early to mid-2012 to capture any emerging findings about expo-
sures and cancer in responders and survivors affected by the September 11, 2001, ter-
rorist attacks.

It is hoped that the findings from the first periodic review of cancer will assist the WTC
Health Program Scientific/Technical Advisory Committee in its responsibility to review
scientific and medical evidence and to make advisory recommendations to the Admin-
istrator about adding health conditions to the List of WTC-Related Health Conditions.
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A. IARC Monographs on the Evaluation of Carcinogenic Risks
to Humans=

The International Agency for Research on Cancer (IARC) is part of the World Health
Organization and follows the general governing rules of the UN family of organiza-
tions, but is governed by its own governing bodies. IARC’s mission is to coordinate and
conduct research on the causes of human cancer and the mechanisms of carcinogenesis,
and to develop scientific strategies for cancer prevention and control. The Agency is
involved in both epidemiological and laboratory research and disseminates scientific
information through publications, meetings, courses, and fellowships. One of IARC’s
scientific products is a series of Monographs which critically review and evaluate the
available evidence on the carcinogenicity of a wide range of human exposures. Through
the Monographs program, IARC seeks to identify the causes of human cancer.

Agents are selected for review on the basis of two main criteria: (a) there is evidence of
human exposure and (b) there is some evidence or suspicion of carcinogenicity. Each
Monograph reviews exposure data and other information on an agent under consid-
eration as well as all pertinent epidemiological studies and cancer bioassays in experi-
mental animals. Mechanistic and other relevant data are also reviewed. In the Mono-
graphs, an agent is termed ‘carcinogenic’ if it is capable of increasing the incidence of
malignant neoplasms, reducing their latency, or increasing their severity or multiplicity.
The induction of benign neoplasms may contribute to the judgment that the agent is
carcinogenic. In addition to studies that support a finding of a cancer hazard, the Mono-
graph evaluations also consider studies that do not.

Several groups may attend Monograph development meetings. The Working Group is
responsible for the critical reviews and evaluations that are developed during the meet-
ing. Invited Specialists are experts who also have critical knowledge and experience but
have a real or apparent conflict of interests. Representatives of national and interna-
tional health agencies often attend meetings, but do not participate in the evaluations.
Observers with relevant scientific credentials may be admitted to a meeting by IARC
in limited numbers. The IARC Secretariat consists of scientists who are designated by
IARC and who have relevant expertise. They serve as rapporteurs and participate in all
discussions.

Approximately one year in advance of the meeting of a Working Group, the agents to
be reviewed are announced on the Monographs program website (http://monographs.
iarc.fr) and participants are selected by IARC staff in consultation with other experts.

BDescription based on http://monographs.iarc.fr/ENG/Preamble/CurrentPreamble. pdf.
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Relevant biological and epidemiological data are collected by IARC from recognized
sources of information on carcinogenesis, including data storage and retrieval systems
such as PubMed. Meeting participants who are asked to prepare preliminary working
papers for specific sections are expected to supplement the IARC literature searches
with their own searches. The Working Group meets at IARC to discuss and finalize the
texts and to formulate the evaluations. IARC Working Groups strive to achieve a broad
consensus evaluation, but not necessarily unanimity.

Several types of epidemiological study contribute to the assessment of carcinogenic-
ity in humans: cohort studies, case—control studies, correlation (or ecological) studies,
and intervention studies. Rarely, results from randomized trials may be available. Case
reports and case series of cancer in humans may also be reviewed.

The evidence relevant to carcinogenicity from studies in humans is classified into one of
the following categories: (1) Sufficient evidence of carcinogenicity; (2) Limited evidence
of carcinogenicity; (3) Inadequate evidence of carcinogenicity; or (4) Evidence suggest-
ing lack of carcinogenicity.

The evidence relevant to carcinogenicity in experimental animals is classified into one
of the following categories: (1) Sufficient evidence of carcinogenicity; (2) Limited evi-
dence of carcinogenicity; (3) Inadequate evidence of carcinogenicity; (4) Evidence sug-
gesting lack of carcinogenicity.

Mechanistic and other evidence judged to be relevant to an evaluation of carcinoge-
nicity and of sufficient importance to affect the overall evaluation is highlighted in the
Monographs. This may include data on pre-neoplastic lesions, tumor pathology, genet-
ic and related effects, structure-activity relationships, metabolism and toxicokinetics,
physicochemical parameters, and analogous biological agents.

Finally, the body of evidence is considered as a whole, in order to reach an overall evalu-
ation of the carcinogenicity of the agent to humans. The agent is described according to
the wording of one of the following categories, and the designated group is given. The
categorization of an agent is a matter of scientific judgment that reflects the strength of
the evidence derived from studies in humans and in experimental animals and from
mechanistic and other relevant data.

Group 1. Carcinogenic to Humans

This category is used when there is sufficient evidence of carcinogenicity in humans.
Exceptionally, an agent may be placed in this category when evidence of carcinogenicity
in humans is less than suflicient, but there is sufficient evidence of carcinogenicity in ex-
perimental animals and strong evidence in exposed humans that the agent acts through
a relevant mechanism of carcinogenicity.
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Group 2A. Probably Carcinogenic to Humans

This category is used when there is limited evidence of carcinogenicity in humans and
sufficient evidence of carcinogenicity in experimental animals. In some cases, an agent
may be classified in this category when there is inadequate evidence of carcinogenic-
ity in humans and sufficient evidence of carcinogenicity in experimental animals and
strong evidence that the carcinogenesis is mediated by a mechanism that also operates
in humans. Exceptionally, an agent may be classified in this category solely on the basis
of limited evidence of carcinogenicity in humans. An agent may be assigned to this cat-
egory if it clearly belongs, based on mechanistic considerations, to a class of agents for
which one of more members have been classified in Group A or in Group 2A.

Group 2B. Possibly Carcinogenic in Humans

This category is used for agents for which there is limited evidence of carcinogenicity in
humans and less than sufficient evidence of carcinogenicity in experimental animals. It
may also be used when there is inadequate evidence of carcinogenicity in experimental
animals. In some instances, an agent for which there is inadequate evidence for carcino-
genicity in humans and less than suflicient evidence of carcinogenicity in experimental
animals together with supporting evidence from mechanistic and other relevant data
may be placed in this group. An agent may be classified in this category solely on the
basis of strong evidence from mechanistic and other relevant data.

Group 3. Not Classifiable as to Its Carcinogenicity to Humans

This category is used most commonly for agents for which the evidence of carcino-
genicity is inadequate in humans and inadequate or limited in experimental animals.
Exceptionally, agents for which the evidence of carcinogenicity is inadequate in humans
but sufficient in experimental animals may be placed in this category when there is
strong evidence that the mechanism of carcinogenicity in experimental animals does
not operate in humans. Agents that do not fall into any other group are also placed in
this category. An evaluation in Group 3 is not a determination of non-carcinogenicity
or overall safety. It often means that further research is needed, especially when expo-
sures are widespread or the cancer data are consistent with differing interpretations.

Group 4. Probably Not Carcinogenic to Humans

This category is used for agents for which there is evidence suggesting lack of carcino-
genicity in humans and in experimental animals. In some instances, agents for which
there is inadequate evidence of carcinogenicity in humans, but evidence suggesting lack
of carcinogenicity in experimental animals, consistently and strongly supported by a
broad range of mechanistic and other relevant data, may be classified in this group.
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B. U.S. National Toxicology Program Report on Carcinogens'

The National Toxicology Program (NTP) Report on Carcinogens (RoC) is an informa-
tional scientific and public health document that identifies and discusses agents, sub-
stances, mixtures, or exposure circumstances that may pose a hazard to human health
by virtue of their carcinogenicity. The RoC is published biennially and serves as a mean-
ingtul and useful compilation of data on:

1. Carcinogenicity, genotoxicity, and biologic mechanisms of the listed substance
in humans and/or animals;

2. Potential for human exposure to these substances; and

3. Federal regulations to limit exposures.

The RoC is mandated by Section 301(b)(4) of the Public Health Services Act, as amend-
ed, which stipulates that the Secretary of the Department of Health and Human Ser-
vices shall publish the report which contains:

1. Alist of all substances (i) which either are known to be carcinogens [in humans]
or may reasonably be anticipated to be [human] carcinogens; and (ii) to which a
significant number of persons residing in the United States are exposed;

2. Information concerning the nature of such exposure and the estimated number
of persons exposed to such substances;

3. A statement identifying (i) each substance contained in this list for which no ef-
fluent, ambient, or exposure standard has been established by a Federal agency;
and (ii) for each effluent, ambient, or exposure standard established by a Federal
agency with respect to a substance contained in this list, the extent to which,
on the basis of available medical, scientific, or other data, such standard, and
the implementation of such standard by the agency, decreases the risk to public
health from exposure to the substance; and

4. A description of (i) each request received during the year to conduct research
into, or testing for, the carcinogenicity of substances and (ii) how the Secretary
and each such other entity, respectively, have responded to each request.

Nominations for listing or removing in the RoC are obtained from various sources,
including: periodic requests from the public through Federal Register notices, the NTP
Update newsletter, and other appropriate publications; active solicitations from mem-
ber agencies of the NTP Executive Committee; from reviews of the literature performed
by the NTP; identification from sources such as the NTP Technical Reports, the IARC
Monographs on the Evaluation of the Carcinogenic Risk of Chemicals to Humans,
the California Environmental Protection Agency’s Carcinogen List, and other similar

4 The description is based on the NTP website found at: http://ntp.niehs.nih.gov/?objectid=72016262-BDB7-CEBA-
FA60E922B18C2540 and is relevant to the NTP 12th Report on Carcinogens.

80 | WORLD TRADE CENTER HEALTH PROGRAM


http://ntp.niehs.nih.gov/?objectid=72016262-BDB7-CEBA-
http://ntp.niehs.nih.gov/?objectid=72016262-BDB7-CEBA-FA60E922B18C2540

sources. The RoC is required to list only substances to which a significant number of
people living in the United States are exposed; therefore, substances to which very few
people are exposed are generally not listed.

Much of the information on specific chemicals or occupational exposures has been
published in the scientific literature or in publicly available and peer-reviewed technical
reports. The scientific literature and publicly available and peer-reviewed technical re-
ports are a primary source of information for identifying and evaluating substances for
listing in the RoC. Many of the listed substances also have been reviewed and evaluated
by other organizations, including the IARC in Lyon, France, the Environmental Protec-
tion Agency of the State of California, and other U.S. Federal and international agencies.

Both human and laboratory animal studies are used to evaluate whether substances
are possible human carcinogens. The strongest evidence for establishing a relationship
between exposure to any given substance and cancer in humans comes from epidemio-
logical studies. The long-term animal bioassay is another valuable method for identify-
ing substances as potential human carcinogens.

The nominations for listing in, or delisting from, the RoC are evaluated by two Fed-
eral scientific review groups and one non-governmental scientific peer-review body (a
standing subcommittee of the NTP Board of Scientific Counselors). Each group reviews
the relevant data on the carcinogenicity of the substances nominated and the exposure
of U.S. residents to the substances. Public comment is solicited after the determination
is made by the Director of the National Institute of Environmental Health Sciences
(NIEHS) to review a nomination, after the two Federal scientific review groups have
made their recommendations to the Director, and again after the non-governmental
scientific peer-review body has reviewed the nominations and made a recommendation
to the Director.

The NTP Director received the independent recommendations of the two Federal sci-
entific review groups and one non-governmental scientific peer-review body, the opin-
ion of the NTP Executive Committee, and all public comments concerning the nomi-
nations. The NTP Director evaluated this input and any other relevant information on
the nominations and developed recommendations to the Secretary, DHHS, regarding
whether to list or not to list the nominations in the RoC. Upon approval of the RoC, the
Secretary submitted it to the U. S. Congress as a final document.

Two important new elements in the 12th RoC review process are (1) the public peer
review of draft background documents by ad hoc scientific expert panels and (2) the
public peer review of draft substance profiles by the NTP Board of Scientific Counsel-
ors. In addition, the NTP will, on a trial basis, prepare a response to public comments
for the 12th RoC.
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The RoC does not present quantitative assessments of the risks of cancer associated
with these substances. Thus listing of substances in the RoC only indicates a potential
hazard and does not establish the exposure conditions that would pose cancer risks to
individuals in their daily lives. The substances listed in the RoC are either known or rea-
sonably anticipated to cause cancer in humans in certain situations. With many listed
substances, cancer may develop only after prolonged exposure. The criteria for listing
an agent, substance, mixture, or exposure circumstance in the RoC are as follows:

+ Known to be a human carcinogen

There is sufficient evidence of carcinogenicity from studies in humans and indi-
cates a causal relationship between exposure to the agent, substance, or mixture,
and human cancer.

+ Reasonably anticipated to be a human carcinogen

There is limited evidence of carcinogenicity from studies in humans, and indi-
cates that causal interpretation is credible, but that alternative explanations, such
as chance, bias, or confounding factors, could not adequately be excluded; or

There is sufficient evidence of carcinogenicity from studies in experimental ani-
mals, which indicates there is an increased incidence of malignant and/or a com-
bination of malignant and benign tumors (1) in multiple species or at multiple
tissue sites, or (2) by multiple routes of exposure, or (3) to an unusual degree with
regard to incidence, site, or type of tumor, or age at onset; or

There is less than sufficient evidence of carcinogenicity in humans or laborato-
ry animals; however, the agent, substance, or mixture belongs to a well-defined,
structurally related class of substances whose members are listed in a previous
RoC as either known to be a human carcinogen or reasonably anticipated to be a
human carcinogen, or there is convincing relevant information that the agent acts
through mechanisms indicating it would likely cause cancer in humans.

Conclusions regarding carcinogenicity in humans or experimental animals are based
on scientific judgment, with consideration given to all relevant information. Relevant
information includes, but is not limited to, dose response, route of exposure, chemical
structure, metabolism, pharmacokinetics, sensitive sub-populations, genetic effects, or
other data relating to mechanism of action or factors that may be unique to a given
substance. For example, there may be substances for which there is evidence of carcino-
genicity in laboratory animals, but there are compelling data indicating that the agent
acts through mechanisms which do not operate in humans and would therefore not
reasonably be anticipated to cause cancer in humans.
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Appendix E. IARC and NTP Designations for
Identified Chemical Agents

Table 3. IARC and NTP designations for identified chemical agents

Agent IARC*® NTP*¢
(E)-2-(6-Nonexnoxy)-tetrahydropyran NL NL
1,1,1-Trichloroethane 3 NL
1,1,2,2-Tetrachloroethane 3 NL
1,1,2-Trichloroethane 3 NL
1,1-Dichloroethane NL NL
1,1-Dichloroethylene 3 NL
1,2,3-Triphenyl-3-vinyl-cyclopropene NL NL
1,2,4-Trichlorobenzene NL NL
1,2,4-Trimethylbenzene NL NL
1,2-Dibromoethane 2A B
1,2-Dichlorobenzene 3 NL
1,2-Dichloroethane 2B B
1,2-Dichloropropane 3 NL
1,3,5-Trimethylbenzene NL NL
1,3-Butadiene 1 A
1,3-Dichlorobenzene 3 NL
1,3-Dichloropropane NL NL
1,4-Dichlorobenzene 2B
1,4-Dioxane 2B
12-Acetoxydaphnetoxin NL NL
1-Azabicyclo[2.2.2]octan-3-0ne NL NL
1-Dodecanol,2-methyl-,(S)- NL NL
1H-1,2,4-Triazole,1-ethyl NL NL
1-Heptene NL NL
1-Hexadecanol,2-methyl NL NL

See footnotes at end of table. (Continued)
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IARC and NTP designations for identified chemical agents (Continued)

Agent IARC®® NTP2é
1-Hexyl-2-nitrocyclohexane NL NL
1H-Indene,1-(phenylmethylene)- NL NL
1H-Pyrrole-3-propanoic acid,2,5-dihydro-4-methyl- NL NL
2,5-dioxo
1-Hydroxypyrene NL NL
1-Methylanthracene NL NL
1-Methylnaphthalene NL NL
1-Methylphenanthrene 3 NL
1-Pentacontanol NL NL
2-(3’-Hydroxyphenylamino)-5-methyl-4-ox0-3,4-dihy- NL NL
drophyrimidine
2,3,4-Trimethylhexane NL NL
2,3-Dihydrofluoranthene NL NL
2,3-Dimethyl-1-pentanol NL NL
2,4,5-Trichlorophenol 2B NL
2,4,6-Trichlorophenol 2B B
2,4-Dichlorodiphenyltrichloroethane 2B NL
2,4-Dichlorophenol 2B NL
2,4-Dimethylheptane NL NL
2,4-Dimethylhexane NL NL
2,4-Dimethylphenol NL NL
2,4-Dinitrophenol NL NL
2,4-Dinitrotoluene 2B NL
2,4-Toluenediisocyanate 2B B
2,6-Dimethylnaphthalene NL NL
2,6-Dinitrotoluene 2B NL
2,6-Toluenediisocyanate 2B NL
2-Benzylquinoline NL NL
2-Butanone NL NL

See footnotes at end of table. (Continued)
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IARC and NTP designhations for identified chemical aents (Continued)

Agent IARC®® NTP2é
2-Chloronaphthalene NL NL
2-Chlorophenol 2B NL
2-Hexanone NL NL
2-Hexyl-1-decanol NL NL
2-Methylnaphthalene NL NL
2-Methylphenol NL NL
2-Nitroaniline NL NL
2-Nitrophenol NL NL
3,3-Dichlorobenzidine 2B B
3,3-Dimethylhexane NL NL
3,4-Dihydrocyclopenta(cd)pyrene 3 NL
3-Chloropropylene 3 NL
3-Methoxycarbonyl-2-methyl-5-(2,3,5-tri-O-acetyl- NL NL
beta-d-ribofuranosyl)
3-Nitroaniline NL NL
4,4’-Biphenyldicarbonitrile NL NL
4,6-Dinitro-2-methylphenol NL NL
4-Bromophenylether NL NL
4-Chloro-3-methylphenol NL NL
4-Chloroaniline 2B NL
4-Chlorophenyl-phenylether NL NL
4-Ethyltoluene NL NL
4-Hydroxymandelic acid NL NL
4-Methyl-2-propyl-1-pentanol NL NL
4-Methylphenanthrene NL NL
4-Methylphenol NL NL
4-Nitroaniline NL NL
4-Nitrophenol NL NL

See footnotes at end of table. (Continued)
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IARC and NTP designations for identified chemical agents (Continued)

Agent IARC*® NTP¢
7-Methyl-3,4,5(2H)-tetrahydroazepine NL NL
9,10-Anthraquinone NL NL
9H-Fluorene,9-(phenylmethylene) NL NL
Acenaphthene 3 NL
Acenaphthylene NL NL
Acetone NL NL
Acrylonitrile 2B B
Aldrin 3 NL
Aluminum NL NL
Anthracene 3 NL
Antimony NL NL
Antimony trioxide 2B NL
Antimony trisulfide 3 NL
Arsenic 1 A
Asbestos 1 A
Auraptenol NL NL
Barium NL NL
Benzaldehyde NL NL
N-acetyl-Benzamide NL NL
Benzene Hexachloride 2B B
Benzene 1 A
1,1’<(1,3-butadiyne-1,4-diyl)bis-benzene NL NL
Benzimidazo[2,1-a]isoquinoline NL NL
Benzo(a)anthracene 2B B
Benzo(a)pyrene 1 B
Benzo(b)fluoranthene 2B B
Benzo(e)pyrene 3 NL
Benzo(g,h,perylene 3 NL

See footnotes at end of table. (Continued)
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IARC and NTP designations for identified chemical agents (Continued)

Agent IARC® NTP2e
Benzo(k)fluoranthene 2B 2
Benzyl alchohol NL NL
Benzyl butyl phthalate 3 NL
Benzyl chloride 2A NL
Beryllium 1 A
Biphenyl NL NL
bis(2-Chloroethoxy)methane NL NL
bis(2-Chloroethyl)ether 3 NL
bis(2-Chloroisopropyl)ether NL NL
bis(2-Ethylhexyl)phthalate 5 B
Bismuth NL NL
Brominated diphenyl ethers NL NL
Bromobenzene NL NL
Bromodichloromethane 2B B
Bromoform 3 NL
Bromomethane 3 NL
Cadmium 1 A
Calcite NL NL
Calcium NL NL
Carbazole 3 NL
Carbon disulfide NL NL
Carbon tetrachloride 2B B
Cellulose NL NL
Cesium NL NL
Chlordane 2B NL
Chloride(s) NL NL
Chlorobenzene NL NL
Chlorodifluoromethane 3 NL
Chloroethane 3 NL

See footnotes at end of table. (Continued)
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IARC and NTP designations for identified chemical agents (Continued)

Agent IARC*® NTP2¢
Chloroform 2B B
Chloromethane 3 NL
Chromium Metal 3, Ill 3, VIA

Vil

Chrysene 2B NL
Chrysotile ashestos 1 A
cis-1,2-dichloroethylene NL NL
cis-1,3-dichloropropylene NL NL
Cobalt (see cobalt metal with tungsten carbide 2A, varies with type ~ SULFATE B

cobalt metal without tungsten carbide 2B, and cobalt
sulfate and other soluble cobalt(ll) salts 2B

Copper NL NL
Cycloate NL NL
Cyclohexane NL NL
Cyclohexanemethanol NL NL
Decachlorobiphenyl NL NL
Dibenzo(a)anthracene 2B B
Dibenzo(a,h)anthracene 2A B
Dibenzofuran NL NL
Dibenzothiophene NL NL
Dibromochloromethane 3 NL
Dibromomethane NL NL
Dibutyl phthalate NL NL
Dichlorodiflucromethane NL NL
Dichlorotetrafluoroethane NL NL
Dicyclohexylphthalate NL NL
Didodecylphthalate NL NL
Dieldrin 3 NL
Diethylphthalate NL NL
Dihydrogeraniol NL NL
See footnotes at end of table. (Continued)

88 WORLD TRADE CENTER HEALTH PROGRAM



IARC and NTP designations for identified chemical agents (Continued)

Agent IARC™® NTP2¢

Diisobutylphthalate NL NL
Dimethylcyanamide NL NL
Dimethylphthalate NL NL
Di-n-octylphthalate NL NL
Droserone(2,8-dihydroxy-3-methyl-1,4-naphthoquinone) NL NL
Endosulfan (1) NL NL
Endosulfan (ll) NL NL
Endosulfan sulfate NL NL
Endrin NL NL
Endrin aldehyde NL NL
Endrin ketone NL NL
Ethanol NL NL
Ethyl acetate NL NL
Ethylbenzene 2B NL
Fluoranthene 3 NL
Fluorene 3 NL
Fluoride NL NL
Formaldehyde 1 A

Gallium NL NL
Gypsum NL NL
Halite NL NL
Heptachlor 2B NL
Heptachlor epoxide NL NL
Hexachlorobenzene 2B B

Hexachlorobutadiene 3 NL
Hexachlorocyclopentadiene NL NL
Hexachloroethane 2B B

Hexamethylene diisocyanate NL NL

See footnotes at end of table.
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IARC and NTP designations for identified chemical agents (Continued)

Agent IARC'® NTP2é

Hexyl_N-butyrate NL NL
Hexylpentyl ether NL NL
Hydrogen bromide NL NL
Hydrogen chloride 3 NL
Hydrogen cyanide NL NL
Hydrogen fluoride NL NL
Indeno(1,2,3-cd)pyrene 2B B

1-Propylbenzene NL NL
Iron 1 NL
Isopentane NL NL
Isophorone NL NL
Isophorone diisocyanate NL NL
Isopropyl alcohol 3 NL
Isopropylbenzene NL NL
Lead Inorganic 2A B

Organic 3
Lithium NL NL
Magnesium NL NL
Manganese NL NL
Mercury METALLIC AND NL
INORGANIC Hg 3

Methoxychlor NL NL
Methyl isobutyl ketone NL NL
Methyl tert-butyl ether NL NL
Methylalpha-ketopalmitate NL NL
Methylcyclopentane NL NL
Methylene chloride 2B B

Methylstyrene 3 NL
Metribuzin NL NL

See footnotes at end of table.
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IARC and NTP designations for identified chemical agents (Continued)

Agent IARC®® NTP¢
Mica NL NL
Mirex 2B B
Molybdenum NL NL
Monobutylphthalate NL NL
Naphthalene 2B B
Naphthalene, 1-(methylthio)- NL NL
Naphthalene, 1,3-dimethylene NL NL
n-Butane NL NL
Nefopam NL NL
n-Heptane NL NL
n-Hexane NL NL
Nickel METAL 2B METAL B
CMPDS 1 CMPDS A
Nitrate INGESTED 2A NL
Nitric acid NL NL
Nitric oxide NL NL
Nitrobenzene 2B B
Nitrogen dioxide NL NL
N-Nitroso-Di-n-propylamine 2B B
N-Nitrosodiphenylamine 3 NL
n-Octane NL NL
n-Pentane NL NL
Ozone NL NL
p,p’-Dichlorodiphenyldichloroethane 2B NL
p,p’-Dichlorodiphenyldichloroethylene 2B NL
p,p’-Dichlorodiphenyltrichloroethane 2B B
Pentachlorophenol 2B NL
Pentanoicacid,4,4-dimethyl-3-methylene-,ethylester  NL NL
Phenanthrene 3 NL
See footnotes at end of table. (Continued)
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IARC and NTP designations for identified chemical agents (Continued)

Agent IARC®® NTP2e
Phenol 3 NL
Phosphoric acid NL NL
Phthalate NL NL
Phthalic_acid, 2-hexylester NL NL
Polychlorinated biphenyls 2A B
Portlandite NL NL
Potassium NL NL
Prometryn (caparol) NL NL
Propane NL NL
Propylene 3 NL
Pyrene 3 NL
Quartz 1 A
Quartz (Cristobalite) 1 A
Quartz (Tridymite) 1 A
Rubidium NL NL
Selenium 3 SULFIDE B
Silver NL NL
Sodium NL NL
Stress 2B NL
Strontium 5901 NL
Styrene 2B B
Sulfate NL NL
Sulfur dioxide 3 NL
Sulfuric Acid 1 A
Synthetic vitreous fibers Glass filament3 B
Tetrachloroethylene 2A B
Tetrahydrofuran NL NL
Thallium NL NL
Titanium DIOXIDE 2B NL
See footnotes at end of table. (Continued)
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IARC and NTP designations for identified chemical agents (Continued)

Agent IARC®® NTP¢

Toluene 3 NL
Toxaphene 2B B

trans-1,2-Dichloroethylene NL NL
trans-1,3-Dichloropropylene NL NL
Trichloroethylene 2A B

Trichlorofluoromethane NL NL
Trichlorotrifluoroethane NL NL
Uranium NL NL
Vanadium PENTOXIDE 1 NL
Vernolate(vernam) NL NL
Vinyl acetate 2B NL
Vinyl chloride 1 A

Xanthene NL NL
Xylene (0-,m-,p-) 3 NL
Zinc NL NL

BIARC categories are described in Appendix D, part A.
INTP Categories are: A: Known to be a human carcinogen and B: Reasonably anticipated to be a human carcinogen.
Descriptions of these categories are provided in Appendix D, part B.
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